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Foreword 



ONE of the simplest acts in modem life is switching on 
the electric current that gives light or power, or that 
makes possible communication between distant points. 
A child can perform that act as effectively as a man, so 
thoroughly has electricity been broken to the harness of the 
world's work ; but behind that simple act stand a hundred years 
of struggle and achievement, and the untiring labors of thousands 
of the century's greatest scientists. To compact the results of 
these labors into the compass of a practical reference work is 
the achievement that has been attempted— and it is believed 
accomplished— in this latest edition of the Cyclopedia of Applied 
Electricity. 

C Books on electrical topics are almost as many as the subjects 
of which they treat, and all of them, if gathered into a great 
common library, would contain so many duplicate pages that 
their use would entail an appalling waste of time upon the man 
who is trying to keep up with electrical progress. To overcome 
this difficulty the publishers of this Cyclopedia went direct to 
the original sources, and secured as writers of the various 
sections, men of wide practical experience and thorough tech- 
nical training, each an acknowledged authority in his work; and 
these contributions have been correlated by our Board of 
Editors into a logical and unified whole. 

C. The Cyclopedia is, therefore, a complete and practical work- 
ing treatise on the generation and application of electric power. 
It covers the known principles and laws of Electricity, its 
generation by dynamos operated by steam, gas, and water power; 



its transmission and storage; and its commercial application for 
purposes of power, light, transportation, and communication. 
It includes the construction as well as the operation of all plants 
and instruments involved in its use; and it is exhaustive in its 
treatment of operating "troubles" and their remedies. 

C It accomplishes these things both by the simplicity of its text 
and the graphicness of its supplementary diagrams and illus- 
trations. The Cyclopedia is as thoroughly scientific as any 
work could be; but its treatment is as free as possible from 
abstruse mathematics and unnecessary technical phrasing, 
while it gives particular attention to the careful explanation 
of involved but necessary formulas. Diagrams, curves, and 
practical examples are used without stint, where they may be 
helpful in explaining the subject under discussion; and they 
are kept simple, practical, and easy to understand. 

C The Cyclopedia is a compilation of many of the most valu- 
able Instruction Books of the American School of Corre- 
spondence, and the method adopted in its preparation is that 
which this School has develoi)ed and employed so successfully 
for many years. This method is not an experiment, but has 
stood the severest of all tests -that of practical use -which has 
demonstrated it to be the best devised for the education of the 
busy, practical man. 

C Attention is directed to a bibliography of the best literature 
in Electrical Engineering, in Volume VII. No attempt has been 
made to exhaust the sources but merely to provide the names, 
authors, and publishers of books which would appeal to the 
widest circle of readers. 

C In conclusion, grateful acknowledgment is due to the staff 
of authors and collaborators, without whose hearty co-operation 
this work would have been impossible. 
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DIRECT -CURRENT DYNAMOS 

PART I 



PRINCIPLES 

INTRODUCTION 

In order tliat the student who wishes to go further into the 

subject of Dynamo-Electric Machinery may be familiar with the 

various symbols employed in the different standard reference books, 

the authors have adopted the same conventions and have also utilized 

in various places the C. G. S. (centimeter-gram-second) or absolvie 

units. 

UNITS* 

Dyne. The dyne, the unit of forces is that force capable, after 
acting for 1 second on a mass o^ 1 gram, of giving it a velocity of 1 

centimeter per second. It is equal to — of a gram or ^oT^ of 

an ounce. 

Erg. The erg, the unit of work, is the work or energy due to one 
dyne of force acting through a distance of one centimeter. 

The international units of electricity are defined as follows: 

Resistance. The unit of resistance shall be what is known as 
the international ohm, which is substantially equal to one thousand 
million (10") units of resistance of the centimeter-gram-second system 
of electromagnetic units, and is represented by the resistance offered ■ 
to an unvarying electric current by a column of mercury at the tem- 
perature of melting ice, fourteen and four thousand five hundred and 
twenty-one ten-thousandths (14.4521) grams in mass, of a constant 
cross-sectional area, and of the length of one hundred and six and 
three-tenths (106.3) centimeters. 

Current. The unit of current shall be what is known as the 
international ampere, which is one-tenth (10""*) of the unit of cur- 

*Act ol U. S. Congress July 12. 1894. 
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2 DIRECT-CURRENT DYNAMOS 

rent of the centimeter-gram-second system of electromagnetic units, 
and is the practical equivalent of the unvarying current, which, when 
passed through a solution of nitrate of silver in water in accordance 
with standard specifications, deposits silver at the rate of one thou- 
sand one hundred and eighteen millionths (.001118) of a gram per 
second. 

Electromotive Force. The unit of electromotive force shall be 
what is known as the international volt, which is the electromotive 
force that, steadily applied to a conductor whose resistance is one 
international ohm, will produce a current of an international 

ampere, and is practically equivalent to rrr^ of the electromotive 

force between the poles or electrodes of the voltaic cell, known 
as Clark's cell, at a temperature of fifteen degrees Centigrade 
and prepared in the manner described in the standard specifica- 
tions. The volt is equal to one hundred million (10*) units of 
electromotive force of the centimeter-gram, second system of units. 

Quantity. The unit of quantity shall be what is known as the 
tnterruUional covlomh, which is the quantity of electricity transferred 
by a current of one international ampere in one second. 

Capacity. The unit of capacity shall be what is known as the 
international farad, which is the capacity of a condenser charged to 
a potential of one international volt by one international coulomb of 
electricity. 

Work. The unit of work shall be the jovle, which is equal to 
ten million ergs, and which is practically equivalent to the energy 
expended in one second by an international ampere in an international 
ohm. 

Power. The unit of power shall be the watt, which is equal to 
ten million units of power in the centimeter-gram-second system, 
and is equivalent to the work done at the rate of one joule per second. 

Inductance. The unit of inductance shall be the henry, which 
is the induction in a circuit when the electromotive force induced in 
this circuit is one international volt, while the inducing current 
varies at the rate of one ampere per second. 
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PRINCIPLES 3 

SYMBOLS 

The following symbols are used in the text, the pronunciation 
of Greek letters being given in parentheses: 

A —Area of cross-section of magnetic path in sq. cm. 
^'m —Radiating area of all field bobbins in sq. cm. 

Aq —Radiating area of commutator in sq. cm. 

a -(alpha) Ratio of net length to gross length of armature cope 

B —Flux density per sq. cm. 

Ba -Apparent value of the tooth flux density 

Bt —True value of the tooth flux density 

C —Number of circuits in parallel through an armature 

d —Diameter of a bare conductor in mils 

(/j —Diameter of an insulated conductor in mils 

E —Entire e. m. f . generated in an armature, in volts 

e —Lost volts, or potential drop in volts of armature 

r^ —Average volts per segment of commutator 

^ —(eta) Commercial efficiency 

t)Yy — Hysteretic constant 

T/j —Economic coefficient or electrical efficiency 

7)^ —Gross efficiency or efficiency conversion 

F —Force in pounds* weight 

f —Frequency in cycles per second 

G —Total number of groups in the armature winding 

g —Number of conductors per group 

5^ —Ampere-turns per unit length of magnetic circuit 

^m "(theta) Final temperature rise above surrounding air of field 3oils 
(usually 50° C.) 

Q^ —Final temperature rise above surrounding air of an armature ip de- 
grees Centigrade (usually 50° C.) 

^Ic —Final temperature rise above surrounding air of a commutator in 
degrees Centigrade (usually 55° C.) 

/ —Current in external circuit, in amperes 

/a —Current in armature circuit, in amperes 

/gh —Current in shunt field exciting coil, in amperes 

IgQ —Current in series field exciting coil, in amperes 

K —Number of commutator segments 

k —A constant 
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L —Coefficient of Belf-induction, or inductance in henrys 

1 —Length of magnetic circuit in cm. 
\ -'(lambda) Angle of lead of brushes 

M —Volts per revolution per second (induction factor) 

ft — (mu) Magnetic permeability 

N -Revolutions per minute; rir-Revolutions per second 

V — (nu) Coefficient of magnetic dispersion or leakage coefficient 
p —Pairs of poles 

TT —(pi) Used to represent the number 3.1416 

R —Resistance of external circuit, in ohms 

r^ —Total resistance of armature coils, in ohms 

r^) —Resistance of brush contacts, in ohms 

r —Total resistance of armature circuit, in ohms (r = r^ -\' r^) 

^sh —Resistance of shunt field exciting coils, in ohms 

fge —Resistance of series field exciting coils, in ohms 
r.p.m.-Re volutions per minute 

p — (rho) Specific resistance 

y^ — (psi) Angle of pole span 

2 — (sigma) Used to designate a summation 

^sh —Number of field exciting turns in shunt with armature 

Tge -Number of field exciting turns in series with armature 

T —Number of turns 

t —Time in seconds 

4> —(phi) Flux per pole 

V —Volts at terminals of a generator 

V —Velocity in feet per second 

W —Power in watts v 

ft) —(omega) Angular velocity in radians per second 

^ —Winding pitch 

.Vav —Average pitch 

^b —Backward winding pitch 

Vt —Forward winding pitch 

yk —Winding pitch at the commutator 

j/r -Resultant pitch 

Z —Number of conductors on the armature counting all around the 

periphery 

> —Mathematical symbol, to read "greater than" 

< —Mathematical symbol, to read "less than" 
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PMNaPLES 5 

DYNAMO-ELECTRIC MACHINES 

A dynamo^lectric machine is one which converts mechanical 
enei^y into electrical energy, or vice versd, by means of the relative 
motion of a conductor canying an electric current, and an interiinked 
magnetic field. When the conversion is from mechanical to elec- 
trical energy, the machine is called a generator; and when the conver- 
sion is from electrical to mechanical energy, the machine is called a 
motor. In order fully to understand the design and construction of 
these machines, it will be necessary to consider the principles which 
govern their action. 

MAGNETIC PRINCIPLES 

Magnetic Field. It was early found that pieces of a certain kind 
of iron ore were capable of attracting bits of iron. From the name 
of the country in which this peculiar oxide of iron was first found, 
came the name of articles made of it — u c, magnets^ from "Mag- 
nesia," in Asia. This oxide of iron is commonly called magnetite. 

It was also found that if pieces of the steel came in contact with 
such a natural magnet, called a lodestone, they became magnets 
without any loss of magnetic strength in the original. A magnet 
produced by touching a natural one is sometimes called an artificial 
magnet. When pieces of soft iron are acted upon magnetically, 
they become magnets, or are magnetized; but when no longer under 
this influence the magnetism disappears. This is called temporary 
magnetism, while the magnetism of steel which is retained is called 
permanent. 

WTien a magnet in the form of a bar is suspended by a thread, 
it sets itsielf in a position so as to point nearly north and south and 
if disturbed it will swing back and forth, ultimately returning to its 
original position. Such a pivoted magnet is commonly known as 
a compass. No matter how often mechanically disturbed, the same 
pole of the magnet will always point to the north and this is called 
the north, positive, or plus (+) pole, while the other end is designated 
the south, negative, or minus (—) pole. 

Force between Magnetic Poles. If two magnets are brought 
together, it will be observed that their like poles repel each other, 
while their unlike poles attract. In other words, there is in the first 
case, a force exerted between the two poles tending to push them fur- 
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ther apart while, in the second instance, the force acts to bring them 
ti^ether. Coulomb, a French scientist, first measured the action 
between two magnet poles, and found this force to be inversely pro- 
portional to the square of the distance between the poles. He also 
found if another similar magnet was placed on one of the two already 
in use, thus doubling its strength, that the force exerted was also 
doubled. The force may be expressed by the etjuation 

where F = the force exerted on each pole by the other; m^ = the 
strength of one pole; m, = the strength of the other pole; and d = the 
distance between the poles. 

If Coulomb's law is expressed in this form, by choosing the units 
of force and length, the definition of unit pole strength can be derived. 



Fig. 1. Field or Forre about a Bar Fig. 2. Field of Force about a Single 

Magnet Pole 

Let the unit of length be the centimeter, and the unit of force the 
dyne; then a unit pole may be defined as one which exerts a force 
of one dyne on a similar pole at a distance of one centimeter. The 
strength of any pole or quantity of niagnelism is, therefore, measured 
by the force it exerts upon a pole of unit strength at a distance of one 
centimeter. 

If a magnet shaped as a straight bar is held under a piece of 
cardboard upon which iron filing.^ are sprinkled, it will be found that 
the filings settle down in curved lines forming a magnetic figure, the 
general form of which is shown in Fig. 1. Should only one of the 
poles of the magnet I>e held toward the cardboard, the filings will 
arrange themselves as shown in Fig. 2. 
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The iron filings become magnetized by their proximity to the 
magnet and acting as magnetic needles arrange themselves with 
their axes along the direction of the magnetic force and form the 
curved lines of the figure. These curves indicate the direction of the 
magnetic forces and are called lines of force. It is assumed that they 
proceed from the north pole, through the surrounding medium to 
the south pole, and a compass needle would set itself with its axis, 
tangential to the line of force, its north pole pointing along the positive 
du'ection of the line. 

These experiments show that the medium in the neighborhood 
of a magnet is in a state of stress and the space so affected is called 
a magnetic field. The influence of a magnet is supposed to extend 
in all directions indefinitely; but as the force varies inversely as the 
square of the distance from the magnet, the effect is rendered prac- 
tically negligible beyond a comparatively limited area. 

Lines of Force. A line of force is essentially nothing more than 
the direction of the magnetic force, and has no real existence. It is, 
however, usual in dealing with magnetic problems to refer to them 
as though lines of force actually did exist, as this enables us to express 
the strength of a magnetic field in a very convenient way. 

The lines of force emanating from a single pole do not all lie 
in the same plane, but radiate into space in all directions. Assume 
a number of concentric spheres at whose center is placed a unit pole, 
then the lines of force leaving the pole will pass through all of the 
spheres in succession. But since the surface of a sphere increases 
as the square of its radius, the number of lines of force per unit area 
must decrease as the square of the radius increases. This further 
shows why in the equation on page 6, the force varies inversely as 
the square of the distance. 

A field of unit strength must by definition have one line of force 
per square centimeter. Accordingly when a unit pole is placed at 
the center of a sphere of one centimeter radius, there will be 4;r lines 
of force, since the surface area of a sphere is 4;rr* and in this case 4;r 
square centimeters. Thus a unit pole radiates 4;r lines of force and 
a pole of strength m will likewise radiate 4;rm lines of force. 

The total number of lines of force crossing any surface is called 
the total flux over that area and the number of lines per square centi- 
meter is called the flux density. 
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Fidd about a Conductor Bearing a Current. When a conductor 
carrying a current of electricity is passed through a piece of cardboard 
with iron filings sprinkled on the board as before, it is seen, Fig. 3, 
that the filings arrange themselves in curved lines similar to those 
of Fig. 2; while, if the return circuit of the conductor be also passed 




Fig. 3. Field ftbout a Oonductor CarryliiK a Current 

through the card, the filings assume the alignment shown in Fig. 4. 
From the similarity of the phenomena, it may be concluded that a 
conductor carrying an electric current is surrounded by a magnetic 
field whose strength depends upon that of the current. This was 
first noted by Oersted, who, in 
1820, observed that a compass 
needle was deflected when placed 
near a conductor carrying a 
current of electricity, the direction 
of motion of the needle depend- 
ing upon the direction of flow of 
the current. 

From Fig. 3 and Fig. 4 it is 
seen that the lines of force pro- 
Fig. *. Weld about a OoU duced by the current in the con- 
ductor are concentric circles and 
their direction may be determined by exploring the field with a com- 
pass. Maxwell expressed the relation between current and field 
directions as follows: 

The direction of the current and that o! the resultuig magnetic force arc 
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related to one another, as the travel and rotation of an ordinary (i. «., right- 
handed) screw, Fig. 6. 

This fact may also 
be expressed as follows: 

Grasp the conductor 
with the right hand, the 
fingers being bent around 
the wire; then the fingers 
point in direction along the 
lines of force while the 
thumb, extended, points in the direction of flow of the current, Fig. 6. 





Fig. 5. Direction of Magnetic Lines about a 

Conductor 




Solenoid. Now, suppose that 
a wire is bent in the form of a 
circular loop, Fig. 7, and further- 
more suppose that a current is 
traversing the conductor in the 
direction indicated. Then, ac- 
cording to the rules given, the 
Fig. 6. Right-Hand Rule jj^es of magnetic force would 

surround the loop in the manner shown. The field of such a loop, 
on being explored with a compass needle or filings, will be seen to 
retain the general character of the field 
surrounding a straight conductor; and 
consequently all the lines will leave by 
one face and return by the other, the 
entire number passing through the loop. 
Hence, one face of the loop will be 
equivalent to the north pole of a magnet, 
and the opposite face will correspond to 
the south pole. In fact, the loop will 
act exactly as if it were a thin disk 
magnetized perpendicularly to its plane. 
By placing side by side several of 
these current loops, with their transverse 
axes in the same straight line, there is 
formed a solenoid, Fig. 8. Exploration 
of the resulting magnetic field by any of the above methods shows 
that the lines of force pass right through the interior of the solenoid, 




N 



Fig. 7. Magnetic Field about a 
Single Loop 
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leaving by one end and returning by the opposite end. A cylinder 
of soft iron inserted in the space within the solenoid will be found 
to act strongly as a magnet when the current flows around the 
solenoid; but if the current is interrupted, the magnetic eflFect 
almost disappears. Reversal of the current will be found to reverse 
the polarity of the core, while increasing the current augments the 
magnetic strength of the coil. The cylinder of soft iron with its 




Fig. 8. Ma^nietic Field about a Solenoid 

winding is called an elcdromagnei since it depends for its magnet- 
ism upon an electric curivnt. 

Toroid. Bend the solenoid around until its ends meet; or pro- 
duce the same winding by turning insulated wire around an endless 
ring core of circular cross-section, as in Fig. 10. The arrangement 
thus produced will be a toroid, commonly called Faradaj/s ring; and 
if the wires are wound closely and uniformly over the whole periphery, 
the lines of force will be closed curves whose paths lie entirely within 
the turns; consecjuently there are no external poles — a unique electro- 
magnetic condition. 

Magneto-Electric Induction. Faraday, in 1832, discovered 
that electric currents could be induced in a closed circuit by mov- 
ing magnets near it or by moving the circuit across a magnetic field. 
Connect a copper wire to a sensitive galvanometer — /. e,, an instru- 
ment which will measure electric currents — and move the wire quickly 
downward past a pole of a bar magnet; the needle of the galva- 
nometcT will deflect to one side of the zero position and immediately 
return after the motitm stops. If tlie (Hmdiictor had been moved 
upward the deflection of the galvanometer needle would have been 
reversed. This indicates that there was a momentary current 



20 



riuxciPLKS 11 

induced in the wire while it moved past the magnet or, in other 
words, while it was cutting lines of force. Had the conductor been 
moved in front of the other pole of the magnet, the galvanometer de- 
flections would have been in the converse order to those stated above. 

Further exj)eriment would show that keeping the wire stationary 
and moving the magnet would produce identical effects. On closer 
investigation it would be seen that the induced current does not 
weaken the magnet, but is produced by the expenditure of mechan- 
ical energy and that the momentary induced current is greatest when 
the wire is moved so as to cut the magnetic lines at right angles, 
assuming the conductor to be moved at the same rate. 

It has been seen that a solenoid of wire carrvinij a current acts 
in all respects as a magnet and if one were substituted for the magnet 
used in the previous discussion, the results obtained would be identical. 
Now take the solenoid and wind around it a loop of insulated wire 
constituting a .search or exploring coil, the ends of which are connected 
to a galvanometer. Then, if current is passed through the winding 
of the solenoid, the galvanometer will give a sudden throw the instant 
the current is allowed to flow. This indicates that a momentarv 
current was set up in the exploring coil while the lines of force through 
the solenoid were building up. So long as the current is permitted 
to flow unchanged in the solenoid winding, the galvanometer needle 
will not be deflected, showing that no current exists in the search 
coil. If the flow of current -in the solenoid be interrupted, the gal- 
vanometer will indicate that another current impulse passed through 
the secondary loop, while the lines of force through the solenoid col- 
lapsed. The deflection of the galvanometer needle will, however, be 
in the opposite direction to what it was before. 

Now place the search coil of wire in front of the solenoid so 
that the lines of force emanating from one end can pass through it. 
If the solenoid is energized and de-energized l)y closing or opening 
the supply circuit, similar effects are produced as noted in the 
preceding paragraph. Now conthiue this action and, in addition, 
turn the loop or exploring coil so that its axis occuj)ies every possible 
direction in space, the center of the loop remaining stationary through- 
out. It will be found as the coil is turned that the amount of current 
impulse, as measured on the iralvanometer, will vary from zero to a 
maximum value. The position giving maximum deflection will 
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be such that the plane of the coil is perpendicular to the lines of force 
emanating from the end or pole of the solenoid. If the coil be placed 
so that its plane is parallel to the lines of force, there will be no in- 
duced current set up as the field is varied and the galvanometer 
needle will not be deflected. In the first case a maximum number 
of lines of force passed through the coil, while in the second case 
no lines interlinked with the coil. When the plane of the coil takes 
any position between these limiting ones the induced current will 
depend upon the eflFective area presented by the coil to the lines of 
force, or, in other words, the strength of the induced current depends 
upon the number of lines of force passed through the coil. 
The induction effects may be summed up as follows: 

Whenever the flux interlinked with a circuit is varying, there is an 
e. m. f. acting around the circuit proportional to the time rate of change 

of the flux, the positive direction of 
the e. m. f. and the positive direc- 
tion of the flux passing through the 
circuit being related to each other 
as are the rotation and travel of a 
right-handed screw. That is, if a 
circular loop is moved in the field of 
a magnet in such a way that it does 
not enclose the same amount of flux 
at any two successive instants, then 
there is induced in the loop an 
e. m. f. whose value is proportional to 
the change of enclosed flux per unit 
time. A similar effect will be ob- 
tained by keeping the loop fixed and 
moving the magnet. 

Another nile expressing the relation between the direction of 

flux, motion, and induced current is as follows: 

If the forefinger of the right hand points in the direction of the lines of 
force and the thumb in the direction of motion, then the middle finger bent 
at right angles to both thumb and forefinger will point in the direction of the 
induced current. Fig. 9. 

Magnetomotive Force. It has already been shown that, when a 
current circulates about the windings of a solenoid, it becomes 
magnetized and lines of force pass through the interior, leaving at 
one end and returning by the other. The current thus flowing 
sets up a force which drives the magnetic flux around the mag- 
netic circuit, just as an electromotive force causes a current of 




Fig. 9. Dynamo Rule 
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electricity to flow around an electric circuit. This magnetizing force, 
due to the current, is called the magnetomotive force, or m. m. f. As 
the cutrent is increased, the magnetizing force and the flux are 
also increased. It may be shown experimentally that, if twice the 
current is allowed to flow around the solenoid windings, both the 
magnetizing force exerted by the 
current and the flux are doubled. 
Likewise, if the same current is 
allowed to flow through coils 
having a different number of 
turns, the magnetic fiux is found 
to increase with an increase in 
the number of turns of wire. 
These points may be summed up 
thus: The magnetoinotive force 
ia directly proportional to the cur- 
rent flowing and also to the num- 
ber of lurna through which the 
current passes. 

If T represents the number ^ ^^ Toroid and Exploring Con 
of turns and 1 the current in am- 
peres passing through the turns, the magnetomotive force will vary 
directly as IT. This product, IT, is known as the ampere-turiis, 
and experiment would show that the same magnetomotive force is 
obtained with a current of 100 amperes flowing around 1 turn, 25 
amperes circulating in 4 turns, or 1 ampere passing through 100 turns. 
In each case there are 100 ampere-turns. 

To calculate the value of the magnetomotive force in the absolute 
or C. G. S. units, in which system magnetic calculations are usually 
expressed, it becomes necessary to multiply the ampere-turns by 
4 
— n, or by 1.257, giving for the magnetomotive force 

m. m. f. = tV'J it = 1.257 IT (1) 

Rductance. Now take a number of wooden rings all of the same 
cross-section, but of different diameters, and wind upon each the 
same number of turns of wire evenly distributed, as in Fig. 10. If 
an exploring coil is placed upon each ring to measure the flux pro- 
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duced by suddenly allowing currents of the same strength to circulate 
through the turns, it will he found that the amount of flux varies 
inversely as the length of tlie magnetic path; /. r., with the same 
number of ampere-turns, (he greater the length of magnetic path the 
smaller will be the amount of flux. Experiments using rings of equal 
mean diameters l)ut of varvinff cross-section w'ould show that for the 
same number of ampere-turns and the same length of magnetic cir- 
cuit, the flux prodiwrd will vary directly a.s the area or cross-section, 
that is, the larger the cross-section, tlie greater the flux produced. 
It has now been shown that flux varies directly as the magneto- 
motive force; also, if this force be constant that the flux varies directly 
as the cross-section of the magnetic path and inversely as the length. 
These relations mav be expressed as follows: 

where 4> = the flux in lines of force; A = the area or cross-section 
of magnetic path in sq. cm.; and I = length of magnetic circuit in cm. 
This equation may, how-ever, be written 

<!> = h^ (3) 

T 
/ 

The expression -j is known as the reluctance and corresponds to 

the resistance of an electrical circuit. Therefore, by substitution 

^ _ m. m. f. 

reluctance ^ 

which gives us an expression similar to Ohm's law where 

e. m. f. 
current = — -. 

resistance 
Intensity of Magnetic Field. If in the equation (1) for mag- 
netomotive force both sides of the equation were divided by I, the 
result would then express the force in ampere-tums per centimeter 
length of magnetic circuit. This cjuantity is represented by the 

letter H. 

m. m. f. \,2'uIT „ ._v 

It is customary in magnetic calculations to so express the mag- 
netic force. If the length of the magnetic path and the desired nuiii- 
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ber of lines of foK-e are known, the total nmnlier of lines may be 
obtained by multiplyiiij; H by /. 

Further, divide each side of etjuation (2) by A ; whence 

<!> 1.257/7' 



A I 



= B (6) 



The expression -— represents the number of Unes per square 

A 

eentimeter and is, therefore, the flux densift/. It is also termed the 

magnetic induction and is usually desij^nated bv the letter B. 

Equation (1) may now be expressed in the form 

B = H, or ^ = 1 (7) 

Accordingly, if the magnetizing force is given in ampere-tums 
per cm. length and the flux density in lines of force per sq. cm., 
the two are numerically equal. This equation holds only for non- 
magnetic materials as air, wood, copper, etc. 

Relation between Magnetizing Force and Magnetic Induction. In 
the earliest of Faraday's experiments with solenoids, he found that 
the flux through any of these was much greater when iron was in- 
serted than when air or wood w-as enclosed bv the coils of wire. He 
ascribed this peculiar circumstiince to the greater conducting power 
of the magnetic medium for lines of force. Lord Kelvin introduced 
the phrase magnetic permeahilitij for this property of ftiagnetic ma- 
terials, and it is defined as the ratio between the magnetic induction 
B produced in the medium and the magnetizing force H to which 
that induction is due; ?. e., 

Magnetic Permeability. The precise notion now attached to 
this term is that of a numerical coefficient, and it is analogous to 
electrical conductivity. Its value is dependent upon the character 
of the substance and the magnetizing force or m. m. f. applied to 
the substance. For vacuum, its value is unity; for air, it is practically 
unity; for magnetic materials it is greater than 1 and may reach 3,0(K) 
for soft iron; while for diamagnetic materials it is slightly less than 1. 
The permeability of such non-magnetic materials as silk, cotton, and 
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other insulators, also of brass, copper, and other non-magnetic metals, 
is taken as unity, being practically the same as for air. 

The permeability of iron, however, varies very greatly with the 
degree to which it has been magnetized. In all kinds, of iron (after 
passing the initial stage mentioned below), the magnetizability of 
the material becomes diminished as the actual magnetization is 
pushed further; in fact, there is a tendency to magnetic saturation. 
In other words, when the piece of iron has been magnetized up to a 
certain degree, it becomes less and less subject to further magnetiza- 
tion. Actual saturation is never reached, though there is a limit 
beyond which the magnetization cannot be increased with practical 

advantage. This is shown in Fig. 
11, which represents the perme- 
ability curve of a sample of good 
iron or steel as used in generator 
field-magnet construction. The 
.practical limit of the flux-density B 
in good wrought iron and in mild 
steel is about 20,000 lines of mag- 
netic induction per sq. cm., or about 
125,000 to 130,000 lines per sq. in., 
while in cast iron about 12,000 lines 
per sq. cm., or 70,000 lines per sq. in., 
are used. 

The preceding equations are for materials where the value of 
// was 1. For iron and other magnetic materials where /x has a 
value other than 1, equations (2), (3), and (6) take the following 
general forms, respectively, 

1. 257 IT A fi 

— (9) 
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Fig. 11. FermeabiUty Curve 
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In the design of electromagnets it is necessary, before calculations 
as to size of the iron core required can be made, to know what the 
magnetic properties of that particular iron are; for, obviously, in- 
ferior permeability demands a larger cross-section to obtain a given 
flux. Similarly, more turns of copper wire must be used for iron of 
inferior permeability. 

Magnetization Curves. A convenient method of interpreting 
the magnetic facts respecting any particular brand of iron, is to plot 
as a diagram the curve of magnetizaiion — that is, the curve represent- 
ing the relation between the magnetic force plotted horizontally 
and the magnetic induction plotted vertically. 

Curve A, Fig. 12, indicates the magnetic properties of annealed 
wrought iron. The ascending curve shows the relation between the 
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Fig. 12. Magnetization Curve for Wrought and Cast Iron 

intensity of the magnetizing force H and the flux-density, or magnetic 
induction B, during the increase of the magnetizing force from zero 
to about 205 units; and the descending line shows the same relation 
during the decrease of the magnetizing force to zero, and then re- 
versing it so as to remove the residual magnetism. Curve B shows 
the behavior of grey cast iron. 

Every sample of iron will show a similar set of results, and these 
can be plotted in the form of a characteristic curve. The curves 
for cast iron and hard steel always have lower values than those for 
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Fig. 13. Magnetization Curve for Iron 

and Steel 



wrought iron or mild steel. In addition, it will usually be noted that 
the curves for fresh pieces of iron or steel present, at the lowest part 
of the curve near the origin, a small concavity. Fig.* 12, showing that 

under certain magnetizing 
forces the permeability is 
greater than at the initial 
stage. While this concavity 
is more pronounced in the 
case of hard iron and steel 
than in the case of soft iron, 
the curves for different 
specimens of the same kind 
of iron will be found to differ 
in detail. 

A comparative idea of the magnetic properties of various irons 
and steels used in electrical machinery is given in Fig. 13. 

Effect of Air Gap in Magnetic Circuit. Thus far the magnetic 
circuit has been considered as made up of a solid, endless ring of 
iron. But suppose it to be built 
up partly of iron and partly of 
some non-magnetic material, as 
air or copper. Then the total 
reluctance of the magnetic circuit 
is the sum of the reluctances of its 
various parts. For example, if 
a ring is made up of li centi- 
meters of iron and Za centime- 
ters of air, the reluctance of this 
magnetic circuit would be 




R = 



+ 



Fig. 14. Effect of Air Gap on Mag- 
netization 



in which jx and A are, respectively, the permeability and the cross- 
sectional area of the materials denoted by the subscripts. HIT rep- 
resents the ampere-turns, the total flux of such a circuit is 

1.257/T 
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Since the magnetic permeability of air is constant and prac- 
tically equal to unity, it is seen that an air gap, or its equivalent, 
introduced into a magnetic circuit previously consisting of iron, will 
increase the m. m. f. required to produce the same flux as before, 
due to the inferior permeability of the non-magnetic portion. 

Effect of Joints in Magnetic Circuit Ewing* tried the effect 
under different magnetizing forces 
of varying the number of joints in 
the iron of a magnetic circuit. His 
results. Fig. 15, refer to a bar of 
wrought iron cut across, first into 
two, then into four, and finally into 
eight pieces. He also found that 
when the faces of a cut were care- 
fully surfaced up to true planes, 
the disadvantageous effects of the 
cut were considerably reduced, 
and under considerable mechanical 
pressure they almost vanished. An 
ordinary joint is equivalent to 
an air gap of about .005 cm. = 
.002 in. 

Residual Magnetism. It has been found, when the magnetizing 
forces have been removed from a specimen of iron, that it retains 
some magnetism. This residual magnetism depends for its mag- 
nitude upon the character of the iron or steel, being greater in the 
harder than in the softer grades. 

Referring to Fig. 12, it will be seen that when a specimen of 
wrought iron was magnetized to a high flux-density, and then the 
m. m. f. reduced to zero, the flux-density diminished to about 
9,000 lines per square centimeter, the descending curve of magnetiza- 
tion being above the ascending one. The number of lines per square 
centimeter remaining under these conditions is called remanence. 
In order to remove this remanence, it is necessary to apply a certain 
negative magnetizing force, termed by Hopkinson the coercive force, 
which varies in magnitude from 2 units for soft wrought iron, to 
about 80 units or more for hard steel. 




Fig. 15. Effect of Joints on 
Magnetization 



* "Magnetic Induction in Iron and Other Metals," London, 1892. Pages ^08-273. 
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Effects of Cycles of Ma£;netization. This tendency of the mag- 
netic effects to lag behind the forces producing them has been named 
by Ewing hysteresis, and is best studied by subjecting the iron speci- 
men to one or more complete cycles of magnetization. For instance, 
suppose the m. m. f. applied to a piece of iron to be increased 
gradually from zero to a maximum value, then decreased through 
zero to an equal negative maximum, and finally to reverse and return 
through zero to the positive maximum value. The magnetic changes 
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Fig. 16. Hysteresis Curve 

for such a complete cycle for specimens of iron and steel are shown 
in Fig. 16. 

The process, as shown by me diagram, is started with the flux- 
density and m. m. f. at zero. The latter is then increased to about 
60 units, in the case of the piece of iron, the resulting flux-density 
being 16,000. The m. m. f. is then reduced to zero, the flux- 
density only decreasing to 13,000. At an m. m. f. of —3, the flux- 
density IS brought to zero; that is,— 3 is the coercive force, and 13,000 
the remanence. With an m. m. f. of —60, the flux-density is 
— 15,500; and varying the m. m. f. from this point to zero, leaves 
the specimen with a flux-density of —12,000. Further increasing 
the m. m. f. until the flux-density becomes zero, the final m. m. f. 
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is found to be + 3. From this point the m. m. f . is increased to its 
former maximum value, this ascending curve differing a little from 
the first. Thus it is seen that when a specimen of magnetic material 
is put through a complete magnetic cycle, the coincident values of 
the m. m. f. and the flux-density form a closed curve. The 
area thus enclosed has been shown by Warburg and Ewing to rep- 
resent the energy wasted as heat in the material, when the specimen 
is put through a complete cycle; and its value depends upon both 
the character of the material and the degree of magnetization, being 
greater for hard steel than for soft iron with the same range of mag- 
netization. 

Iron, when placed in an alternating magnetic field, is not only 
subjected to the hysteresis phenomena above considered, but since 
the iron is an electrical conductor and the magnetic field about it 
changes in strength, it also becomes subjected to a set of local elec- 
trical currents. These tend further to heat the iron, and are called 
FoucavU or eddy currents; their path, by Maxwell's law, is perpen- 
dicular to the direction of the flux. Their value may be lessened by 
increasing the resistance of their path — ^that is, by laminating the iron, 
in a direction parallel to the direction of the flux and perpendicular 
to the path of these currents, each sheet of iron being insulated from 
its neighbors. In practice, these laminae vary from about 14 to 25 
mils (0.014 inch to 0.025 inch) in thickness. 

Calculation of Heat Waste in Iron Cores. From consideration 
of a great many tests of hysteretic losses, Dr. C. P. Steinmetz pro- 
posed the following law connecting the hysteresis loss h in ergs per 
cubic centimeter per cycle and the maximum flux-density B attained 

TABLE I 
Hysteretic Constants for Samples of Iron and Steel 



Matbrial 


Hyster- 
etic Con- 
stant ryjj 


Material 


Hyster- 
etic Con- 

8TANT rjy^ 


Very thin soft sheet iron . . 

Thin good sheet iron 

Thick sheet iron . ... 


.0024 
.003 
.0033 
.004 


Soft annealed cast steel .... 

Soft machine steel 

Cast steel 


.008 

.0094 

.012 


Most ordinary sheet iron . . 


Gast iron 


.016 
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during a cycle 

k = i7hB^-® 

wherein ^ is a coefficient called the hysieretic constant, depending 
for its value upon the quality of the material. Some of these con- 
stants for ordinary frequencies are given in Table I. This law is 
practically true for all cycles up to 200 per second. 

By applying the proper transformation factors to express the 
loss in watts per cubic inch, the Steinmetz formula reduces to 

w^ = 0.83 X i7h X / X Bi« X 10-7 
wherein 

w^ = Hysteresis loss in watts per cubic inch of iron per cycle; 

/ = Frequency or cycles of magnetization per second; 

B = Maximum flux-density in lines per square inch. 

In Fig. 17 are given graph- 
ically the hysteresis losses in 
watts per cubic inch of iron 
per cycle per second, with 
various hysteretic constants. 

The eddy-current loss in 
iron cores varies directly as the 
square of the thickness of the 
iron laminae, as the square 
of the maximum flux-density, 
and as the square of the 
frequency. The formula ob- 
tained by calculation and 
found to agree closely with 
values obtained by test is 
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Fig. 17. Hysteresis Losses In Iron 



W, 



e 



= 40.6 X ^' X B' Xf X 10-" 
p 



wherein 

w^ = Watts loss due to eddy currents per cubic inch of iron; 

/p = Thickness of the iron plates, in inches; and the other 
symbols have the meanings previously assigned. 

Fig. 18 exhibits values of Wq graphically for various thicknesses 
of iron over wide ranges of flux-density at one cycle per second. 

The sum of these losses (ic^ + w^) for any electrical machine 
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is called for brevity the irondosses of that machine. Calculations 
for actual machines will be given later. 

Retardation of Magnetizqtion, It has long been known that, 
owing to the eddy-currents produced in the iron cores of electro- 
magnets, the magnetism of 
the inner part builds up less 
rapidly than that of the 
outer parts. Similarly, when 
the m. m. f. is cut off, the 
inner part of the core re- 
tains its ma^etism longer 
than the outer parts. In 
dynamos with large field- 
magnets, especially when 
solid cores are employed, 
several minutes may elapse 
before the field will build up 
or change. Hopkinson has 
shown that the retardation 
varies as the square of the 
linear dimensions of the core. This, however, does not hold if 
laminated cores are used. 

Magnetic Dampers, If a magnetic flux, whether in air or iron, 
be surrounded by a closed electrical circuit, any change in the value 
of the flux will induce an e. m. f. in that metallic circuit, tending 
to oppose the flux change. It has suggested itself, therefore, to 
builders of dynamos, to surround the magnet-poles with copper 
bands in order to reduce the possibility of sudden field fluctuations. 
This feature is employed extensively in alternating-current generators, 
synchronous motors, and rotary converters, under the name of 
dampers or damping rings. 

INDUCED CURRENTS 

Qeneration of E. M. F. by Cutting Rux. Whenever lines of 
magnetic flux are cut by a conductor, an e. m. f . is produced in that 
conductor, and the value thereof is one volt when 100,000,000, or 
10® lines of force are cut per second. That is, the e. m. f . depends 
solely upon the tim£ rate of cutting, so that one volt would also be 
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Fig. 18. Eddy-Current Losses in Iron 
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set up if 10^ lines were cut in one-hundredth of a second. In both 
cases the rate of cutting is supposed to be uniform throughout the 
given time. 

The generation of e. m. f. is absolutely certain, no matter 
when or by what process the lines are cut. A currerUy however, will 
flow only when there is a closed electrical circuit. A straight bar of 
copper, for example, cutting across a magnetic field, would have a 
potential difference established between its ends; but, excepting a 
slight displacement current at the start, no current would flow until 
the electrical circuit was completed. A distinction should be made, 
therefore, between the generation of an e. m. f. and the flow of a 
current. Thus, it may happen that two or more opposing voltages 
neutralize each other, so that no current whatsoever flows, even though 
the electrical circuit is complete. This is the case when a copper 
ring is moved in its own plane across a uniform field; the two halves 
cut an equal number of lines, and the e. m. f. produced in one half 
is exactly equal but opposite to that produced in the other half of 
the ring, making the current-flow zero. This explains the fact that 
the flux in a coil of wire must be varied in order to permit a current 
to flow; or, in other words, the coil must be filled with, and emptied 
of, lines of magnetic induction, in which case an alternating current 
is produced. This is often stated so broadly, however, that it seems 
to mean that an e. m. f. cannot be obtained in a uniform field, 
whereas an e. m. f. must be produced whenever magnetic lines are 
cut, though a flow of current may not result. 

Elementary Generator. The simplest form of generator con- 
sists of a loop of wire arranged to rotate in a uniform magnetic field, 
Fig. 19. The generation of e. m. f. in such a dynamo will be as 
follows: Assume the loop with its plane parallel to the direction of 
the flux. If, then, the loop be rotated counter-clockwise about its 
axis XYy the sides AB and CD, which cut lines of magnetic induction, 
will have an e. m. f . induced in them that will tend to cause a cur- 
rent flow in the directions indicated by the arrows. The value of this 
e. m. f. will depend upon the speed or time rate of cutting; and since 
this rate is greatest when the plane of the loop is parallel to the direc- 
tion of the flux, i, e., when the motion of the loop is at right angles 
to the line of force, the e. m. f. developed at the instant represented 
in Fig. 19 will be a maximum. As the loop approaches the 90°, or 
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Fig. 19. Simple Dynamo Diagram 



vertical position, the generated e. m. f. gradually decreases Ijecause 
the rate of cutting is diminishing, until, at the 90° position, the motion 
of the loop is in the direction 
of the lines of force, when the 
cutting of the flux and the 
generated voltage are both 
zero. If the rotation is con- 
tinued, the rate of cutting 
gradually increases until the 
180° position is reached, 
where it again becomes a 

maximum, so that the e. m. f. generated at this instant is also a 
maximum. The cutting, however, in the two quadrants following 
the 90° position, has been in the opposite direction to that occurring 
in the first quadrant, so that the direction of the e. m. f. generated 
in the second and third quadrant is reversed with respect to that gen- 
erated in the first quadrant. In passing from the 180° position to 
the 270° position, the rate of cutting and the generated e. m. f. 
again diminish to zero; and from 270° to the 360° or 0° position, the 
rate of cutting increases and the direction of the generated e. m. f. is 
the same as that produced in the first quadrant, rising once more to 
a maximum value at the 360° position. 

Plotting the various instantaneous values of the voltage so gen- 
erated, the curve. Fig. 20, is obtained. Such an e. m. f. is called 

aUernating, because it changes in 
value from positive to negative, 
that is, it tends to produce a cur- 
rent, first in one direction and then 
in the other direction, through the 
circuit. If, however, it is desired 
to supply the external circuit with 
a direct or continuous current, 
a special rectifying device called 
a commiUaioT must be added. 

Commutator. In its simplest form, a commutator consists of 
a metallic tube mounted on a cylinder of insulating material, and 
slit longitudinally into two equal parts, each half being connected 
to one terminal of a loop. Fig. 21. Fig. 22 shows a similar arrange- 




360* 



Fig. 20. Dynamo E. M. F. Curve 
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ment, except that the loop has two turns instead oF one. A|;ainst 
this commutator, at diametrically opposite points, press a pair of 



Ftg. 3L Oommntuor with Simple Tnm 



ng. 13. ComintitatOT vltfa Double Turn 



metallic springs or brushes which lead the current due to the gen- 
erated e. m. f. to the external circuit. If, as in Fig. 23, these brushes 
are so set that each half of the split tube moves out of contact 
with one brush and into contact with the other brush at the instant 




Fig. 11. Dlasram of RevendnK Action of Oommutator 

when the loop is passing through the positions where the time rate of 
cutting is mmimum — as indicated in the enlarged end view of the 
commutator shown at A — the alternating e. m, f. generated will 
produce in the external circuit a rectified, commutated, or unidirec- 
tional current — i. e., the current in 
the external circuit will flow in one 
direction. If this external current 
be plotted, it will be of the pulsat> 
ing character. Fig. 24. This expla- 
nation need not be changed, if, for a 
an iron ring is substituted. Fig. 
. t. by in- 



Fig. 14. 



, H. F. Curve wllb Oom- 



single loop, a coil wound 

25. The effect of this is to increase the generated e. : 
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creasing the number of times the electrical circuit cuts the flux. 
Referring to Fig. 21, suppose, inst«ad of one coil as shown, there are 
two coils mounted side by side 
and connected in parallel to the 
commutator segments, then the 
elementary conditions, Fig. 26, 
' will obtain. Ii, then^ — similarly 
to the arrangement developed in 
Fig. 25 — an exactly similar coil 
is placed at the opposite side of 
the ring, as in Fig. 27, it is seen 

that when its terminals are connected to the same two half-rings as 
the first, the electric circuits of the two coils are in parallel, and 
though the voltage generated by 
revolving this winding with two 
coils is no greater than with one 
coil, the current-carrying capacity 
of the resultant winding is evi- 
dently doubled. 

The current obtained, however, 
from this arrangement has the 
disadvantage of being pulsating, 
as already shown. To give con- 
tinuity to the external current multiply the number of generating 
coils, and also the number of commutator s^ments, arranging the 




ne. JT. Two-CoO Armuure 



Fig. a 



Four-Coil Annatiire 



coils around the armature so that one set will come into action before 
the other set goes out. If, then, two additional sets of coils are placed 
upon the iron ring at right angles with the first set, as in Fig. 28, one 
set will be in the position of maximum activity when the other is in 
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the position of least action; the curves A and B, Fig. 29, represent 
the e. m. f. and current for the two pairs of coils, and curve C rep- 
resents the resulting external e. m. f . and current, which, although 
continuous—!, e., never becoming zero— is not quite steady, having 



O" 90° ISO* 270* 360- 90" ISO' 270° 360° 

Fig. IS. E. H. F. mill Cumiit Curves tor Four-Coil Armntiiie 

four slight undulations per revolution. By increasing the number 
of coils and commutator segments to a hundred or more, an external 
current may be obtained in which no undulations can be detected 
except by the telephone. 

On examination of the wind- 
ing. Fig. 28, it is apparent that 
the four coils are wound in 
series, the end of the first being 
connected to the beginning of the 
second, and so on, the end of the 
fourth being finally connected to 
the beginning of the first — the 
whole of the winding constituting, 
therefore, a single, closed coil. 
Also, it may be noted that the 
Fis. 80. Disfmra of Colls and Commu- beginning of one coil and the end 
tator t onB ^j ^^^ preceding one are con- 

nected to the same commutator bat In practice the commutator 
b usually made up of a number of parallel bars of copper set around 
on, and separated from each other by, insulating material ; and the 
armature is made up of a numlwr of sections, as in Fig. 30, which 
represent a Gramme ring winding. This, and other windings, will 
be treated later. 

ORGANS OF CONTINUOUS-CURRENT DVNAMOS 

It has been seen that a dynamo in its simplest form consists of 
two main portions — an armature, which, in revolving in a magnetic 
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field, generates an e. m. f. in the conductors wound upon it; and a 
field-magnet, whose function it is to provide a flux for the conductors 
to cut as they revolve. These two parts are always present in all 
generators, whether for continuous current or for alternating current. 



Fig. 31. Typical G-Pole Delt-Drlven Generator. Bhoving Armature, Field-MagDMs, 



and they are easily distinguished, Fig. 31, In almost all continuous- 
current machines, the field-magnet is a comparatively simple electro- 
magnet which remains stationary; the armature, however, is more 
complex and usually rotates. In addition, it has been shown that 
continuous-current machines require a commutator, while altemadng- 
current machines are provided with collector, or sli-p, rings. In either 
case, brushes are re<jiiired to connect the revolving commutator or 
collector rings to the external circuit. 
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In continuous-current machines the field-magnet, being usually 
stationary, is combined with the bearings and bed-plate to form the 
frame of the machine. Similarly, the armature and the commutator 
are supported by a spider and a shaft, which rotate in the bearings 
attached to the frame. 

Armatures. Any electrical conductor — as, for example, a simple 
coil of wire — revolving in a magnetic field so as to cut the flux, may 
act as an armature and tend to have an e. m. f. generated in it. 
In order to obtain a practically steady direct current, together with 
maximum effect for a given amount of material, and to secure com- 
pactness, convenience of working, and other practical conditions, 
armatures have resolved themselves into the following types, although 
theoretically, any figure of revolution around which coils are placed 
symmetrically, would answer: 

(1) Ring armaiureSf in which the coils are grouped upon a ring core of 
iron whose axis of symmetry is also its axis of rotation. 

(2) Drum armatures, in which the coils are wound longitudinally over 
the surface of a drum or cylinder iron core. 

(3) Pole armatures, in which the conductors are wound around radial 
iron cores projecting outward from a central hub. 

(4) Disk armatures, in which the conductors are arranged in the form 
of a flat disk the plane of which is perpendicular to the axis of rotation, and 
usually not comprising an iron core. 

Ring armatures were first employed by Pacinotti in 1860, and 
described by him in 1865; but they are commonly known by the 

name of Grammey the 
French electrician, who 
re-introduced them in 
1870. Gramme wound 
the coils around the 
entire surface of the 
annular core, which he 
made of varnished iron 

Fig. 32. Single Gramme Ring Winding ^j^.^ ^^ ^^^^j. ^^ j.^j^^^ 

the wasteful effects of eddy-currents; while Pacinotti had the 
coils wound between projecting teeth upon an iron ring. In ring 
armatures, the parts of the copper winding which pass through the 
interior of the ring do not cut any flux, and so are inoperative unless 
there are pole-pieces of the field-magnet projecting internally, which 
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is not usually the case in practice.* Hence, the ring type of winding 
necessitates extra copper and offers a certain amount of wasteful 
resistance, which, however, can be made small compared with the 
resistance of the external circuit. Fig. 32 represents a Granune ring 
of the armature type generally used, although some machines are 
so designed as to have the outside of the ring act as a commutator. 



, Oranime Ring AnnMura 



the current being collected directly from the windings by brushes 
which trail on the periphery of the ring, while the inner parts of 
the conductors cut the flux. Fig. 33 shows a completely wound 
Gramme ring armature. 




Fig. 31. aimple Drum Winding 

Drum armaiures were introduced by Siemens, who wound coils 
of iron wire upon a frame of non-magnetic material. In their com- 

* In caae ol magnetic leakage thrangh (be opening In the ring core, the IntemiLl 
ptkrts uf the nlndtng would produce ui e. ni. f. In the opposite direction to that generaleJ 
by the outer sections, thus decieaaing the ellective voltage. 
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plete form, they were first brought out in 1871 by Von Hefner Alten- 
eck, and improved later by Weston and others. As seen from Fig, 
34, this type in its elemental form is of simpler construction than 
the ring type of Fig. 32 and consists of the loop, previously de- 



Hg. 35. Partly-Wound Drum 

scribed, mounted upon a supporting cylinder of magnetic material. 
The latter is used in place of the wooden cores of the earlier Siemens 
form in order to reduce the magnetic reluctance of the gap between 

the two faces of the field-magnet 

poles. This type of armature is 
almost exclusively used for con- 
i tinuous-current machines of to- 

I day, because the drum form of 

winding effects a saving in wire 
for a given number of ampere- 
TiB. 36. PoleAnpMure ^""""s. ^>; '''^ elimination of the 

inactive inductors which are nec- 
essarily' present in the ring type. Machine-formed coils are also 
more easily applied. Fig. 35, Further, its self-induction is consider- 
ably less, so that sparking tendencies are diminished. 

Pttle armalure.1 — those having the coils wound upon projecting 
poles — were devised by Allan, Lontin, Weston, and others. They 
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were used in Lontin's machines, as shown diagrammadcally in Fig. 
30. Owing, however, to the great self-induction thus introduced into 
each section of the winding, and the consequent sparking at the com- 
miilator, these machines were not successful. Pole armatures are 
to some extent used in alternating-current generators. 

DUk armatures. Fig. 37, have never been very widely used, 
The interesting feature of this type is the fact that there is no neces- 




Flg. 37. Disk Aimatnre 



sity for magnetic conducting material between the two faces of the 
field-magnet. 

Armature Cores. The function of the armature core is two-fold 
— it supports the generating conductors, and carries the flux from 
one face of the field-magnet to the other face. On account of its 
high permeability and its great strength, iron is by far the best materia) 
for armature cores. It has been seen, however, that when a mass of 
iron (or other conductor) is rotated in a magnetic field, wasteful 
eddy-currents are set up in the mass, hence solid cores of metal should 
on no account be used in any armature. In order to reduce these 
currents as much as possible, it has become the practice to build up 
armature cores of thin soft iron or mild steel disks, insulated from 
each other by varnish, rust, or paper. These disks are arranged to 
have their planes parallel to the direction of the flux and perpendicular 
to the flow of eddy-currents. An armature core composed of such 
sheets, and foreed together by hydraulic or screw pressure, is found 
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to contain from 85 to 95 per cent of its volume as iron, the balance 
being made up of insulation, air space, etc. 

Field-Magnets. To generate an e. m. f . the armature inductors 
must be moved through a magnetic field. This flux is supplied by per- 
manent magnets or by electromagnets in which the exciting current is 
supplied by the armature of the machine itself or by a separate source. 
These will be taken up in the order of their historical development. 

Magneto-Machine. In this type of generator, historically the first, 
the magnetic flux was provided by a permanent magnet as shown dia- 

grammatically in Fig. 38. This method 
has the disadvantage of requiring a much 
bulkier machine than those to be de- 
scribed later, since permanent magnetism 
cannot be maintained at such high flux- 
density as may be produced by an exciting 
coil. It has, however, the advantages of 
simplicity and constancy, but is used 
only in the smallest of generators em- 
ployed, for example, to furnish current 
for ringing bells, for ignition in internal- 
combustion engines, etc. 

Separately 'Eaxited Generaior. The 
next step was to excite the field-magnets 
by means of a coil fed from some source 
of electrical energy other than the genera- 
tor itself. This method, outlined in Fig. 
39, produces the same results as the 
magneto method, without the disadvantage of great bulk. It re- 
quires, however, a separate machine or battery for excitation pur- 
poses solely, and the method is not employed in continuous-current 
practice, except where many machines are in operation, or where 
their terminal voltage exceeds 800 volts. It is largely employed with 
alternating-current generators, since an alternating current will not 
produce a unidirectional magnetic field. 

In either of the methods just mentioned, the e. m. f. of the 
machine may be governed in three ways — namely, (a) by altering 
the speed of rotation of the armature; (b) by varying the number of 
effective conductors by moving the brushes; and (c) by changing the 



Fig. 38. Diagram of Magneto 
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Fig. 39. Separately-Excited Generator 
Windings 



magnetic flux through the armature. The latter is altered in the 
case of magneto-machines by shunting the flux away from the arma- 
ture through an auxiliary piece 
of iron. In the case of separately 
excited .machines, the flux is 
varied by regulating the exciting 
current or the number of turns of 
the solenoid. 

Generators of the continuous- 
current type may be made aelf- 
exciting by either of four methods. 
The whole current supplied by 
the machine to the external cir- 
cuit or a 'part of it may be passed 
through the field-winding; or ivx> 
field windings may be employed, 
one traversed by the load current 
and the other by the shunt current; or, finally, the fieldrexciting cur- 
rent may be produced by an e. m. f. generated by a separate wind- 

JL X X JL JL ^^6 ^^ ^^^ armature of the 
Q Q Q Q Q generator, though this latter form 

is seldom used. 

Series Generator. The series 
continuous-current generator out- 
lined in Fig. 40 has but one 
circuit. It has, however, the dis- 
advantage of not starting to 
generate until a certain speed 
has been reached or unless the 
resistance in the external circuit 
• is below a certain limit. It also 
is liable to become reversed in 
polarity, thus unfitting it for elec- 
trolytic work. Any increase in 
its external resistance, at a given speed, diminishes the current 
strength that excites the magnetic circuit, thereby lowering the 
e. m. f . Conversely, reduction of external-resistance tends to increase 
the e. m. f. of the machine until the IR drop and the armature 




Fig. 40. Series Generator Windings 
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Fig. 41. Shunt- Wound Oenerator 



reaction become so large that the available voltage falls more 
rapidly than the field flux increases. The only series generators 

actually employed supply arc 
lamps in series, and are pro- 
vided with automatic regulators 
to maintain constant current; 
hence the external voltage and 
power are directly proportional 
to the external resistance. 

Shunt Generator. In the 
shunt-wound generator, Fig. 41, 
only a small part of the current 
in the armature passes through 
the field winding. The field- 
exciting circuit has, therefore, a 
relati-vely high resistance com- 
pared with that of the external 
circuit. This machine is tolerably self-regulating within certain 
limits, when properly designed; but if ^overloaded, its internal actions 

are such as to reduce its gen- 
erated e. m. f. to zero. The 
polarity of the shunt generator 
never reverses of itself; and 
although it is a trifle more 
expensive to buy than the cor- 
responding series machine, its 
self-regulating properties more 
than overbalance this. The 
amount of energy required for 
excitation in either series or shunt 
field-windings for identical 
machines is precisely the same, 
since to produce a given flux 

Fig. 42. Separate-Current, Self-Exciting (aS shown in the discUSSlon of the 
Generator 



^^^^ 




definite number of ampere-iums. 



magnetic circuit) demands a 
In the series machine, the turns of 



wire are few in number, while the current in amperes is relatively 
large. In the shunt type, the reverse is the case. 
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Compound Generator. This type is a combination of shunt 
and series field winding. 

Separate-Circuit, Self-Exciting Generator, The fourth type 
of self-exciting machine is that in which the field circuit is supplied 
by only part of the armature, or by separate windings on the armature, 
Fig. 42. This arrangement is adopted for A. C. generators, and for 
D. C. machines in which the e. m. f. generated is over 800 volts — ^it is 
undesirable to apply such voltage to direct field excitation. In 
effect, however, it is almost the same as the separately excited machine. 

VOLTAQB REGULATION 

« 

Generator Regulation. In all the simple methods of field excita- 
tion just described, the e. m. f. generated by the dynamo varied 
more or less with load. If the load were constant — i, e., if the same 
number of lamps were being supplied all the time — the generator 
could be designed to give a predetermined terminal voltage. But 
under usual working conditions, the load connected to an electric 
generator — such as lamps, motors, or other devices — ^is continually 
changing, so that it is essential to provide some device whereby its 
voltage may be varied to suit the varying load. The generated 
e. m. f . is the sum of the terminal voltage and that lost in overcom- 
ing internal reactions, the latter quantity varying with the load. As 
stated previously, there are three methods for regulating the generated 
voltage of a dynamo — namely, by varying the speed of rotation 
of the armature, by varying the magnetic flux, and by changing the 
number of effective or active armature conductors.* Of these three 
possible methods, however, the only one utilized is that of varying 
the magnetic flux, it having been found more convenient to regulate 
the prime mover for constant speed than for speed increasing with 
load, while the method of changing the effective armature conductors 
by shifting the brushes is conducive to bad sparking at the com- 
mutator. As has been noted, the most advantageous way to vary 
the magnetic flux is to vary the current in the energizing coils. 

Since the current in the field-exciting coils is dependent upon 
the e. m. f. impressed at their terminals and upon their ohmic 
resistance, the magnetic flux may be increased by decreasing the 

* The expression ''active annature conductors" refers to those conductors which are 
actually cutting flux and generating an e. m. f . at any instant. 
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resistance of the field-exciting circuit or by increasing the terminal 
voltage impressed there. Also, the flux may be made to increase 
with load, by passing the external current of the generator through a 
few turns of thick wire, called series turns or compounding turns, 
placed upon the field-cores. The first method is usually non-auto- 
matic, and is applicable to shunt and separately excited machines; 
the second is applicable to separately excited machines; and the third, 
to both types; and a generator thus equipped is called a compound 
generator. 

Methods of Compounding. Separate and Series (Deprez). 
A separate source of current is used to produce the initial and 
constant excitation, while the external current of the machine is led 

through a series winding, thus 
compensating for the internal 
drop of the generator to any de- 
sired degree, even increasing the 
terminal voltage with load if 
desired. The connections are 
shown diagrammatically in 
Fig. 43. 

Shunt and Series. By far the 
most widely used of all com- 
pounding schemes, however, is 
the one in which series turns are 
added to the plain shunt winding, 
as shown diagrammatically in 
Fig. 44. By properly proportion- 
ing the ampere-turns in the shunt 
and series coils, the termmal voltage-load curve may be made to 
take any desired form, i. e., it may be made constant, increasing or 
decreasing throughout the rated load range of the machine. This 
arrangement will be considered in detail later on. 

Booster. This consists essentially of an auxiliary generator 
in series with the main machine, the e. m. f. of the former being low; 
and since its field winding is in series with the external circuit, it will 
automatically regulate the voltage of the combination in accordance 
with the load. 

Miscellaneous. If the generator armature be wound according 
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Fig. 43. Separate and Series Compounding 
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Fig. 44. Shunt and Series Compounding 



to a special scheme devised by Sayers,* the field excitation may be 
produced by a simple shunt winding, and a compounding effect pro- 
duced by giving the brushes a 
backward lead. Other methods 
of compounding may be found 
in S. P. Thompson's "Dynamo- 
Electric Machinery." 

Actions in the Armature; 
Thus far the armature and the 
field of the generator have been 
considered separately, assuming 
that the former did not affect the 
latter. It is found, however, that 
when the armature of a generator 
or motor is carrying current, its 
action is not the same as when 
it is operating without load, 

owing to the distortion of the field flux by the magnetizing action of 
the armature current. In order to study the effects produced by the 
armature current, consider a dynamo of the simple bipolar tj'pe, 

Fig. 45, with a ring armature, 
when the machine is operating 
without and under load. 

Suppose the armature to be 
rotating clockwise, when viewed 
from the commutator end, and 
that the north pole of the field- 
magnet is at the right of the 
armature, the south pole being on 
the left. The flux will then pass 
from right to left through the armature; and, in accordance with 
Maxwell's law, the generated e. m. f. in all the outer conductors 
which are ascending is directed toward the observer, as is designated 
by a + sign, Fig. 46; while in all the descending conductors it is 
directed away from the observer, as indicated by a — sign. If the 
circuit through the armature is closed, the generated e. m. f. will 
produce a current flowing in the same direction; and in Fig. 45 the 

* See A. Arnold's GUidutrommaMehine, Beriin. 1902, Vol. I, Pages 417, 440, H atq. 




Fig. 46. Diagram of Simple Bipolar 
Generator 
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current-flow in the armature is toward the bottom and away from 
the top on both sides. This result is obtained when the winding of 
the armature is right-handed, and the oppoate effect is obtained if 
the winding is left-handed. 

It will be noted that the 
path of the current is from 
brush to brush, through each 
of the armature coils, without 
going to the commutator ex- 
cept where it passes oiU to or 
returns /ront the external cir- 
cuit. It has been seen, how- 
Pis. 46. Direction ot Armature Currant ever, in the ideal dynamo, 
that the voltage generated 
in an armature coil is proportional to the rate at which the flux is 
cut. In the case illustrated in Fig. 45, no two armature coils are 
cutting the same amount of flux at any given instant, so that the 
voltage generated in each coil depends upon its position in the field. 
Since one-half of the coils are connected in series between the 
brushes, the total diflerence of potential (p. d.) measured at the 
latter will at any instant be the sum of the instantaneous e. m. f.'a 
generated in the individual coils. 




FtB 47 sine Curve 



If the field were uniform, it is plain that the flux cut at a ^ven 
instant by any one coil would be dependent on the angle which it 
makes with the direction of the field at that instant as explained, 
page 25; so that if the values of these instantaneous potentials be 
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plotted as ordinates^ and the corresponding angles as abscissse, the 
curve, commonly known as a sine curve, Fig. 47, is obtained. 

Thus it is seen that the p. d. obtained at the brushes may be 
compared to that obtained at the terminals of a battery connected 
as shown in Fig. 48, each cell representing an armature coil and being 
supposed to supply an e. m. f. equal to that generated by the coil it 





Fig. 48. Battery Circuit to niustrate 
Brush P D. 
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Fig. 49, Terminal Voltage Curve 



replaces. The terminal voltage will then be obtained by adding all 
these potentials between the 0° and the 180° positions in Fig. 47, 
the negative part being exactly equal to the positive half if the dynamo 
is symmetrical, and in practice this is so. The sum thus obtained 
grows slowly at first, then rapidly, and slowly again as it reaches its 
highest value, repeating this program in the other half-circumference. 
These facts are shown at reduced scale in Fig. 49. In the actual 
dynamo, this addition is effected because the coils are connected in 
series, and it is possible to demonstrate this experimentally. 

Exploration of Potentials around a Commutator. Several more 
or less simple ways of showing the distribution of the generated 
e. m. f . around the commutator of a dynamo have been suggested,* 
but only Mordey's method will be taken up here. It consists in 
connecting one terminal of a voltmeter, preferably an electrostatic 
one, to one brush of the machine, and the other terminal to a small 
pilot brush b, Fig. 50, which can be moved from point to point around 
the commutator. The armature of the generator is then rotated 



♦ See S. p. Thompson's "Djmamo-Electric Machinery," N. Y.. 1904. Vol. I. P. 204. 
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yfOLTMETLn 



Fig. 60. Exploring Device for Gommutator 

Potentials 



at its rated r. p. m. ; and, starting at the brush JV, h is placed in suc- 
cessive positions around the commutator, the voltmeter reading in 

each position being noted, to- 
gether with the corresponding 
angular situation of 6. 

The results, with the volt^ 
age readings plotted vertically 
and the corresponding values 
of angular positions of h 
plotted horizontally, are as 
represented in Fig. 51, when 
the armature is carrying no 
current. The curve so ob- 
tained is not usually a true 
sine curve in commercial machines, because the magnetic field in 
which the armature rotates is not uniform but it is generally close 

to it. It will be seen later that 
when the armature carries a 
current, its presence causes a 
further distortion in the dis- 
tribution of the flux. Further- 
more, the setting of the brush- 
es or an injudicious shaping 
of the pole-pieces will cause 
minor irregularities to be 
present in this curve,examples 
of which have been given by 
VonGaisberg,*Kohlrausch,** 
M.E. Thompson*** Ryanf, 
and Shephardsonff. 

Armature Reactions. This 
leads to a consideration of 
the reactions of the arma- 
ture when the generator is operating, which are manifested in many 
ways, the most important being: 

* ElektroUchnUehe ZeiUchn/t, vli 67, Feb. 1886. 
♦* CentralblatfUr Elektrotechnik, ix 419, 1887. 
*♦♦ "Electrical World," xvli 392, 1891. 

t Trans. Amer. Inst. Elec. Engrs., vii 3, 1890. 
tt ''American Electrician/' x 453. 1898. 
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Fig. 61. Voltage Curvee at No Load 
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(1) A tendency to cross-magnetize the armature. 

(2) A proneness to spark at the brushes. 

(3) Variation of the neutral point of the armature with the amount 
of current. 

(4) The consequent necessity of shifting the brushes. 

(5) A resultant tendency to further demagnetize the armature. 

(6) Losses due to eddy-currents in the pole-pieces, armature core, 
and coils. 

(7) A resulting difference between the input and output. 

As these reactions have much effect upon the operation of the 
commercial machine, they will be considered in detail. 

Cross-Mag;netizing Effect of Armature Current. It has been 
seen from Fig. 48 and the accompanying text, that the armature of 
a generator may be likened to a combination of voltaic cells; but the 
armature carrying current manifests a magnetic effect absent, in the 
latter case. 

If the solenoid. Fig. 6, were bent around so as to form a semi- 
circular ring, and had inserted into it an iron core of the same form, 
one end of this core would act as a north pole, and the other end as 
a south pole, when current circulates in the winding, Fig. 52. By 
taking an exactly similar semicircular ring and placing the two to- 
gether so that their north and south poles are, respectively, coincident, 
the magnetic effect of current flowing in the armature may be repro- 
duced. That is, when the 
generator supplies energy to 
the external circuit, the arma- 
ture has poles produced in 
it corresponding to the 
brushes — ^namely, where the 

current enters and leaves the ^ig. 52. semi-circuiar Coii with iron core 
winding. This magnetization 

of a simple Gramme ring armature. Fig. 53, is indicated in Fig. 54, 
the general direction of the flux being through the armature core 
along both paths from a and b to N and S, where it emerges into 
air, forming, respectively, the poles of the armature. The main por- 
tion of this flux returns outside the ring, while a small portion passes 
across the interior. This latter portion is extremely small in com- 
mercial machines on account of the presence of large masses of iron 
in the pole-pieces which are outside. 
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The cross-magnetization of the armature produces a distor- 
tion of the flux in it; but this would have small effect upon the e m. f . 
if the line of commutation did not also change w ith the anuature cur- 
rent. This change necessitates the moving of the brushes, and then 




the armature not only produces a cross-magnetizing effect, but also 
a greater demagnetizing tendency. It is this latter effect which 
diminishes the generated e. m. f. 

In order to study the result, suppose a simple bipolar drum 
generator arranged so that current may be passed through its 
Geld windings, its armature when rotating, or through both, \Mieii 
the ffeld atone is excited, the flux distribution will be substantially 



Fig, EB. Flux Distribution w 



Fig. 58. Flux Distribution w 



as indicated in Fig. 55, i. e., quite uniform in the pole-pieces, air 
gaps, and armature. If, now, the field-exciting circuit be opened, 
and a current be supplied to the rotating armature equal to its 
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rated load current, the flux distribution shown in Fig, 56 will exist. 
Current flows up out of the paper in the conductor marked + and 
into the sheet in those indicated with 
a — sign. By combining these two 
conditions of the flux, there is pro- 
duced the distortion shown in Fig. 
57, which is the resultant flux dis- 
tribution around the armature when 
the machine is under load. The 
magnetism is distorted in the direc- 
tion of rotation, as if the armature 
tended to draw after it the flux issu- 
ing from the field-poles. But this is not the physical fact, because it 
is found that in electric motors the fiux is distorted in a direction 
opposite to that of the rotation of the armature. In fact, the flux- 
distribution is the same whether the armature turns one wav or the 
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other, or not at all. On account of this flux distortion, the brushes 
must be set, not midway between the field-poles, but with a slight lead 
in the case of generators, while, with motors, the brushes are shifted 
backwards against rotation. Consequently the armature m. m. f. will 
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be oblique to that due to the field-magnet, and additional distortion 
will result, thus making it necessary for the brushes to be shifted still 
further. The shifting is continued until there is approximately no 
sparking. 

In the case of drum-wound armatures in consequence of the 
overlapping of the end-connections, the magnetizing eflFect^ of some 
of the coils are neutralized, and as a result the production of poles is 
not so marked. Neither can there be any internal field. As a 
matter of fact, drum-wound armatures are not troubled to the same 
extent with induction effects as are ring-wound armatures. With 
these exceptions, however, the facts here considered apply equally 
well to drum-wound and ring-wound armatures. 

The distortion of the flux through the armature also produces 
a distortion in the wave of induction, as may be shown by exploring 
the potential differences around a commutator by Mordey's method, 
when the machine is carrying its rated load. Such a curve is shown 
in Fig. 589 and it is to be* noted that in the case of a generator the 
leading pole corners are weakened while the lagging ones are 
strengthened; in the case of the motor, these conditions are 
reversed. The effect of this distortion is considered under "Com- 
mutation.'* 

Commutation. Sparking at the Commutator. On page 25 it has 
been seen that the rotation of the armature in the field of the machine 
generates alternating currents in the conductors. A consideration 
of Fig. 57 shows that the current flows toward the spectator in the 
conductors which are rising, and away from the observer in all the 
descending conductors, the brushes in this case being supposed pres- 
ent at N' and S\ Thus, when a coil passes under one of the brushes, 
the direction of the current in that coil is reversed. Owing to the 
fact that even a single armature coil possesses some self-induction, 
the current cannot change instantaneously; i. e., a certain definite 
interval of time is required, dependent upon the self-inductive prop- 
erty of the armature coil as well as upon its resistance. During 
this interval, and until the whole current can take the new path 
through the coil, a portion of the current continues to flow from the 
receding commutator bar, through the air, to the brush. It is the in- 
terruption of this latter current, as the commutator bar leaves the 
brush, that produces the spark. 
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Methods of Commvtatwn. In order to understand exactly what 
happens when a current is commutated, it is necessary to consider 
what takes place in one section of an armature winding, and at the 
two commutator bars attached to the latter, when the bars pass under 
a brush. 

Fig, 59 shows a portion of a ring-wound armature with its coils 
A, B, C, D, and E connected to segments 1, 2, 3, 4, and 5 of the 
commutator, and a positive brush just beyond the leading tip of one 
of the pole-pieces. The line nn' represents a line drawn in space so 
as to cut the commutator at a 
point where the voltage be- 
tween two adjacent bars is 
zero. The brush is assumed 
placed in this line. 

Now, before any pven 

section of the winding reaches 

the brush shown in the figure, 

a current will be flowing in it 

in the direction of the positive ^ » „ . 

•^ Fig. S9. Section ot Ring Arm&tiue 

brush; and after the section 

has passed the brush, the current, although reversed in direction, 
is still flowing towards the brush. 

The figure shows the instant at which coil C is short-circuited 
by the brush through the commutator bars 3 and 4; and it is during 
the brief interval of this short circuit that the current in coil C must 
be reduced to zero, reversed, and then built up again in the other 
direction in ordei^ that there shall be no tendency for a spark to form 
between the brush and the bar 3 at the instant they part. 

As to the establishment of a reversed current in section C while 
it is short-circuited by the brush, it musit be remembered that this 
coil is at this instant supposed to be occupying a position such that 
there is no e. m. f. being generated in it; that is, it is in a neutral 
position. In coils to the immediate left and right of coil C, however, 
e, m. f,*s are being generated in such a direction as to cause the 
resulting current to flow toivards the brush. If, therefore, the brush 
is moved forward — i. e., in the direction of rotation — from its present 
position in the neutral line, the section short-circuited by that brush 
will be placed in a region where a p. d. will be generated between its 
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terminals in such a direction as to assist the reversal of current above 
mentioned. Also, the greater the forward lead — i. e., the further 
away from the neutral line in the direction of rotation the brush is 
moved — the greater will be the potential difference so generated; so 
that by trial, a position of the brush may be found where the condi- 
tion of sparkless commutation is fulfilled. 

The use of high-resistance carbon brushes tends to cause a de- 
crease of the current existing in the sections before they reach the' 
brush, since the latter forms part of the short circuit. Their use 
also aids the establishment of the reversed current in the short- 
circuited section before the brush and segment part company which 
is due mainly to the contact resistance between the brush and the 
commutator. This may be explained thus. The current flowing 
across the contact area of the brush and leading segment under it 
(Fig. 59, segment 3), produces a drop of potential there, which is 
small on account of the large area of contact, at the instant depicted. 
A moment later the brush is making better contact with segment 4, 
and poorer contact with segment 3, so that the voltage drop across 
the contact area of the brush and 3 has risen above that of the brush 
and 4. Hence a current will tend to flow from segment 3 to segment 
4, as a reverse current through C, being produced by the difference 
of potential between them. This state is comparable to that of the 
ordinary potentiometer, where a "drop" a<;ts as an e. m. f. in pro- 
ducing a current flow. The voltage resulting from this potential 
difference across the two contact areas mentioned, assists the voltage 
tending to produce reversal. 

Thus, as the conunutator moves under the brush — assuming 
the latter to have a forward lead — the e. m. f . for reversal, the p. d. 
due to the varying contact area of the brush, and the resistance of 
the short-circuited coil, combine to reduce the current in the latter 
to zero, while the self-induction of the coil tends to prevent any change 
of the currient in it.*t This zero condition should occur when the 
areas of contact between the brush and the two (in this case) bars 
passing under it are equal. Then, when the segments leave this 
position, the p. d. between them will increase, thus assisting the 



* See S. P. ThompBon's "Elementary Lessons in Electricity and Magnetism," N. Y., 
1903, P. 466 «f 9tq, 

t "Cyclopedia of AppUed Electricity," Chicago, 1909. Vol. I. P. 63. 



58 



B " 

£ 8 



ill 



if 

S s 



PRINCIPLES 



49 



direct e. m. f . — ^produced in the coil by the flux from, the hindward 
pole-hom — in establishing a current in the coil in the reverse direc- 
tion. Opposing this are the resistance and self-induction of the coil. 
With proper conditions, the various reactions mentioned may be so 
proportioned as to produce in the coil from which the short circuit is 
about to be removed, a current equal in strength and direction to 
that flowing towards it from the preceding coil. In Fig. 59, coil 
C would be the one to have the short circuit removed; and B would be 
the preceding coil. Then segment 3 will pass out of contact with the 
brush without a spark attempting to follow. 

Resistance during Reversal. Let us assume that during com- 
mutation the brush contact resistance is inversely proportional to the 
area of contact. Then, in the ideal case, where the coils of the 
armature are devoid of resistance and inductance, the curve of com- 




Fig. 60. Ideal Oommutation Ourve 

mutation will be as shown in Fig. 60, C representing the value of the 
current to be commutated, 0, the instant when commutation com- 
mences, and T, the period requisite for this action. Here the cur- 
rent gradually diminishes to zero at the middle of the commutation 
period, and reaches its negative maximum value at the end of the 
time T. This process is shown in detail in Fig. 61, the brush being 
wide enough to span one commutator bar. 

In this case 10 amperes flow from either side of the armature 
to the brush, the latter leading away 20 amperes. Suppose the 
brush area to be one sq. in.; then, when the commutator is in the 
position indicated by Fig. 61 (6), the area of contact of the segment 
C is reduced to J sq. in., while that of the segment D has become \ 
sq. in., so that 5 amperes will flow into the brush from D and 15 
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amperes from C; the additional 5 
amperes through the latter coming 
from the short-circuited coil. 
When the commutator has moved 
forward so that the area of contact 
of each brush is the same, i. e., 
i of a sq. in., C and D will pass 10 
amperes to the brush from either 
side of the armature, the coil under- 
going commutation carrying no 
current at this instant, Fig. 61 (c). 
At the end of the third quarter of 
the commutation period, the com- 
mutator has reached the position 
shown in Fig. 61 (d), the area of the 
segment C with the brush being 
i of a sq. in., while that of I> is J of 
a sq. in. Hence C will contribute 
5 amperes and D, \b amperes to 
the brush, the coil undei^ing com- 
mutation now canning a current in 
the direction reverse to that in- 
dicated in Fig. 61 (fc) and in the 
same direction as the current in the 
coils on the right. At the end of 
the commutation period, the cur- 
rent in coil C—D has increased to 
the full value of that flowing in its 
right-hand neighbor; and when the 
brush and segment C part com- 
pany no spark will result. 

Fig. 60 shows the variation of 
the current during this period,' if 
the resistance and inductance of 
the armature coils are neglected. 



effect of these reactions. 

Commvtaiion Curves. If the re- 
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sistance of the armature coils be not negligible in comparison with 
the contact resistances, then the current collected will not be rigidly 
proportional to the areas of contact. This is due to the divided 
circuit of two branches which is formed. In one branch a brush con- 




Fig. 62. Oommutation Curve when Resistance 
of Anuature is Not Negligible 

tact resistance and an armature coil are in series; in the other, only 
the contact resistance; this causes a different current distribution. 
In other words, the presence of resistance in the coils of the armature 
reduces the ratio of currents during the first half of the commutation 
period, and increases this ratio during the second half. This is 
shown graphically by the curved line in Fig. 62, the straight line 
indicating the ideal case. 

The effect of self-induction, although not easily shown quantita- 
tfvely, would modify the ideal current curve as indicated by PL^Q 
in Fig. 63. PL^U shows the result obtained with increased self- 
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Fig. f^^. Effect of Self-induction in Commutation 

Curves 

induction. Self-induction tends to retard any change in the current, 
so that the same is not completely reversed at the end of the com- 
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mutation period. • At the last instant, then, as the surface of contact 
between the segment C and the brush diminishes to zero, the contact 
resistance rises with extreme rapidity. The product of this resist- 
ance and the still uncommutated part of the current, will constitute 
a p. d. between the retreating segment C and the tip of the brush. 
This p. d. represented graphically by QU in Fig. 63, tends to set up 
a spark, and may be briefly called the sparking e. m. f . 

The resulting conmdutation curve for any machine is made up 
of these two effects, the quantity of each depending upon the design, 
and some details at present obscure. Messrs. Everett and Peake* 
found experimentally that the curve had the form shown in Fig. 64. 
Curve A indicates the initial rise which may obtain at light loads, 

with an oval resultant at the negative 
end. B illustrates under-commutation 
with insufficient lead. C shows, with 
increased load, a rapid reversal at the 
beginning of the commutation period, 
but under commutation toward the end. 
D represents a gradual fall of the current, 
which slackens toward the end. 

Effect of Increasing Breadth of Brush. 
Increasing the breadth of the brush not 
only lengthens the period of commuta- 
tion, but also permits conmdutation to 
start in one coil before the preceding coil 
has entirely passed through this stage. 
In Fig. 65, assume the brush to have an area of 3 square inches, 
and to completely cover two segments at one time, the current col- 
lected by the brush being 60 amperes. Then Fig. 65 (a) shows 
the state of affairs when the segments C and B are under the brush. 
An instant later, the commutator, in moving clockwise, starts to un- 
cover segment B and to cover segment D, so that at the end of the 
first quarter of the period of commutation, the result will be as in- 
dicated in Fig. 65 (6), for the ideal case. Similarly, Fig. 65 (c), (rf), 
and (e), represent, respectively, the conditions at the end of the second, 
third, and fourth quarters of the commutation period, the direction 
of current and its magnitude in each coil being indicated by arrows 

♦ See Electrician, London. Vol. 40. P. 861: Vol. 42. P. 328. 




Fig. 64. Complete Commutation 

Curves for Practical 

Machine 
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and figures. It is seen from these 
that the conditions of Fig. 61 obtain 
throughout, the current in the 
short-circuited coils being zero at 
the middle of the period of com- 
mutation; so that it may be con- 
cluded that the act of commutation 
is not altered by increaang ibe 
width of the brush. 

Sujmnary of RssuUs. From (he 
preceding considerations the 
methods for controlling the sparking 
at the conmiutators of continuous- 
current machines, may be summed 
up as follows: 

(1) Keep the inductance of the 
tknnature coila low, by decreasing the 
number of tume per commutator seg- 
ment, by saturating the teeth, and by 
properly ebaping the pole-pieces to pro- 
duce a reversal fringe. 

(2) Keep the volts per segment 
of the commutator low by having & 
large number of commutator segments. 

(3) Control distortion of the main 
flux in order to have the field under the 
hindward pole-hom sufficiently strong. 

(4) Properly dimension and design 
the commutator-brushea, brush-holders, 
and other brush-gear, bo as to permit the 
shifting of the brushes to the proper posi- 
tion, and to enable the brushes to nake 
contact with the commutator at all times. 

(5) Keep the surface of the com- 
mutator smooth. 

(6) Add special features to the 
machine. (See following pages,) 

To see clearly the applicafion 
of most of these special features, 
it is desirable to consider another 

property of an armature carrvine Pig. as. commutation i 
r r J , . , "^ . Wide Brush 

a current — namely, its demagnetiz- 
ing effect. 
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Demagnetizing Effect of Armature. It has been found neces- 
sary to shift the brushes ahead of the neutral line in generators, and 
back in case of motors, to eliminate sparking at the commutator. 
The resultant effect is to produce in the armature a magnetomotive 
force opposed to that of the field-winding. Considering Fig. 66, 
wherein the brushes are supposed to be shifted to the line nnf, the 
remainder of the figure being as before, it is seen that the currents 
are flowing toward the observer in the armature conductors to the 
left of the neutral line nn', and from the observer in those to the right 
of that line. 

Now, suppose the two vertical lines ad and he to be drawn 
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Fig. 66. Dia«rram Showing Demagnetizing Effect 

of Armature 



across the section of the armature and through the points of com- 
mutation. The armature conductors are thus divided into two 
bands, those to the right of the line ad and to the left of the line 
be tending to cross-magnetize the armature, i, e., produce a flux at 
right angles to the field flux as explained in connection with Fig. 55. 
The turns producing this cross-flux are known as the cross-mag- 
netizing turns. Those inductors included between lines ad and he 
carry current in the opposite direction to that circulating around 
the field poles, and consequently produce an m. m. f . opposed to that 
of the main field. The turns enclosed by the lines ad and he are 
known as the hack ampere-turns. 

The breadth of the belt of demagnetizing windings is evidently 
proportional to the angle of lead, since it subtends double that angle. 
In such an armature generating 50 amperes, each conductor would 



64 



PRINCIPLES 



55 




Fig. 67. Clover-Leaf Design of 
Field Cores 



carry 25 amperes, since there are two paths in parallel; and as the 
number of cross-magnetizing turns is 8, and the number of demag- 
netizing turns is 4, the cross-^m'pere-tums would be 25 X 8 = 200; 
and the number of hack ampere-turns would be 25 X 4 = 100. 

This demagnetizing influence, which is proportional to the angle 
of lead of the brushes, tends to weaken the field in general, while the 
cross-magnetization, proportional to the 
ampere-turns not included in the demag- 
netizing effect, tends to weaken the flux un- 
der the hindward pole-horn, and strength- 
en that under the forward pole-tip, 
producing the flux distribution shown in 
Fig. 57. Hence the impressed m. m. f. — 
that of the field-magnets — must be strong 
enough to force through the air-gap in 
the magnetic circuit sufficient flux to 
permit of sparkless commutation in spite 
of the demagnetizing and distorting 

effects on the m^in field. Since the cross-magnetization is respon- 
sible for the distortion which tends to produce sparking, it remains 
to consider the remedies which limit, compensate for, or overcome it, 
by maintaining a magnetic field in the right direction and of sufficient 
value for sparkless operation at the coil undergoing commutation. 

Constructions for the Elimination of Sparking. 

(1) To lengthen the air gap. This will diminish the cross-flux 
as it increases the reluctance of the armature field path. But this 
method is somewhat objectionable, 

as it also increases the reluctance 
of the field circuit and hence a 
greater m. m. f . or a larger number 
of field ampere-turns are required 
to produce the same field strength 
as before. This condition implies 
a higher first cost, constituting the 
objection. 

(2) To thin down or to actually separate the two halves of the 
circuit at any one pole. This introduces an additional reluctance 
into the path of the armature cross-flux without increasing the re- 




Fig. 68. Thompson's Field Cores with 
Longitudinal Gaps 
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luctance of the main field. This feature has been introduced in 
the clover leaf design of the Northern Electric Company as indicated 
m Fig. 67. S. P. Thompson has suggested constructing the field 
cores of pieces of i'on with lon^tudinal gaps as indicated in 
Fig, 68, being an extension of the above idea. 

(3) To mate the for- 
ward horn of the -pole- 
shoe of cast iron, and the 
rear horn of cast steel. 
In this case the joint is 
oblique, as indicated in 

Fig. 68.^ Pole-Piece Hwri of Iron and 9t«el -^'g- 69. 

(4) Concentration of 
Field. Sparkless commutation may also be accomplished if the 
field is magnetically rigid — i. e., not easily distorted. This stiffness 
may be partially secured by properly shaping the pole-faces or by 
making notches in them, as su^ested by Sayers, thus concentrating 





Various FonoB of Pole 



the flux at the tip. In Fig. 70 are shown various forms of pole-tips, 
of which type A is not always good, but may be either extended, as 
in B, or cut off, as in C An extreme arrangement, suggested by 
Dobrowolsky, surrounds the armature completely with iron, as in D. 
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Fig. 71. 



Unsymmetrical Pole. 



Bymm< 
Meces 



(5) Unsymmetrical form of poles. This method was proposed 
by M. Gravier, and was used as shown in Fig. 71. When the ma- 
chine is working at small loads, the flux 
in the gap is nearly uniform; but at large 
loads, the distortion due to armature 
current forces the flux forward and 
saturates th^ forward pole-horn, thus 
preventing much change in its flux- 
density, on account of the saturation and 
the diminished area. Lundell combines this device with the slotted- 
pole method, and produces the pole shown in Fig. 72. 

(6) Laminated pole^cores. Another plan is to make the pole- 
cores of laminated wrought iron 
or steel, to which a cast-iron pole- 
piece is attached. A similar 
effect is produced by making the 
poles non-concentric with the 
armature, as in Fig. 73. This 
secures a suitable fringe and at 
the same time maintains a fair 
magnetic rigidity. Mr. C. E. L. 
Brown finds that inwardly pro- 

jecting poles of circular cross- 
section, without any pole-shoes or extensions, produce excellent 
results in generators which deliver large current. 

Other devices for securing a gradual entrance of the armature 
conductors into the field, are (7) to skew the hindward edge of the pole- 
shoe as indicated in Fig. 74; (8) 
to shape the pole-shoes with cir- 
cular ends, Fig. 75; or (9) to pro- 
vide pointed ends, Fig. 76. Some 
manufacturers leave out every 
other lamina in the pole-tips, 
the resulting extra saturation 
helping to resist the- effects of 
armature distortion. 

(10) Interpole construction . Probably the most effective and 
sijnple method for the elimination of sparking at the brushes is the 




FJg. 72. Lundell Pole Device 




Fig. 73. Pole Pieces Non-Concentric with 

Armature 
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interpole or commutating pole construction variously credited to 
Mather and Menges. This consists in placing midway between the 




Fig. 74. Skewed Pole 
Shoe 



Fig. 75. Pole Shoe with 
CirculftT Ends 





Fig. 76. Pole Shoe with 
Pointed Ends 



various field poles small auxiliary magnet cores connected directly 
to the yoke and these are provided with windings in series with the 
armature, Fig. 77. Thus, their magnetic strength is increased with 
the armature current, while their winding is such that the field set up 
in them is opposed to the armature field, and, in fact, about 30 per cent 
in excess. Due to this the flux necessary for reversal of the current 
in the short-circuited coil is maintained at the coils midway between 
the main poles and consequently the brushes need not be shifted as 
the load varies or when the direction of the rotation is reversed. A 
further advantage of this design is that, since the interpole strength 
is independent of the main field, the sparkless condition of operation 

is maintained even if the 
working field is considerably 
weakened. This feature was 
appreciated by Pfatischer and 
utilized by him in the de- 
velopment of the interpole 
adjustable-speed shunt motor. 
It should be noted that this 
commutating pole construction 
does not overcome field distor- 
tion; in fact, it even increases 
it, but it maintains a flux for reversal where needed, which is the 
characteristic desired. 

Compensation. An excellent compensation method was in- 
dependently proposed by Professor Ryan and Fischer-Hinnen. This 
consists essentially of introducing a stationary armature a around 
the revolving armature. Fig. 78. This stationary winding is in series 




Fig. 77. 



Interpole Device to Prevent 
Sparking 
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with the armature winding, and so arr&nged that it produces a mag- 
netic force direcdy opposed to that of the armature, thus oppo^ng 




Fig. ie. CompensaUng winding to Prevent Sparking 

its demagnetizing and distorting effects; in this design the brush is 
out of the neutral position, either leading or lag^ng somewhat, ac- 
cording as the machine is acting as a generator or motor and does 
not allow of reversibility of rotation without brush shifting. 

M. E. Thompson, associated with Professor Ryan, considerably 
improved this design by introducing very small commutating poles 
midway between the main poles and arranging some of the balancing 
windings directly around these, F^g. 79. 

This design consequently not only compensates for the armature 
reaction but also produces a flux for commutation directly at the 
neutral point, combining the features 
of the Ryan or Fischer-Hinnen 
winding and the simple interpole. 
The opinion of the authors is, 
however, that this combination is 
not necessary or desirable because 
the simple commutating pole pro- 
vides all the necessary features Tig. 79. M.E.Thompson'B Device to 
. , , .• n * ITevent Sparktog 

for sparkless operation, allows of 

better ventilation, and is undoubtedly much cheaper. The interpole 
or more complicated compensating windings are not generally em- 
ployed upon ordinary large machines. They are particularly impor- 
tant, however, as regards high-speed turbine outfits, railway motors, 
train lighting equipments, and adjustable-speed motors for machine- 
tool drive. The practice followed in large, low-speed or small, 
constant-speed dynamo-electric machines usually consists in ketp- 
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ing the volts between the commutator segments relatively low — 2 to 
4 volts — employing high-flux densities in the teeth (20,000 to 23,000 
/ of / per sq. cm.), and providing the poles with tips or shoes to 
carry the flux well towards the zone of commutation. 

Dead Turns. On account of the various internal reactions 
present in the armature, the terminal voltage is not quite proportional 
to the speed with constant field-current. Inasmuch as the machine 
acts as though some of its speed were ineffective, the name dead 
turns has been given to those revolutions by which the actual speed 
at any output exceeds that determined by strict proportionality. 

Eddy-Currents. It was shown in discussing the magnetic circuit, 
that local currents may be produced in the iron parts of dynamo- 
electric machines if any of these parts form closed electrical circuits 
and cut flux. The armature core rotates in a magnetic field; eddy- 



Fig. 80. Eddy-Currents in Armature Ck)re 

currents are set up in this core, as shown in Fig. 80, and unless pre- 
vented from flowing, these currents will lower the efficiency of the 
machine. Eddy-currents will also be produced in the pole-faces, 
due to the variation of the magnetic flux, as shown in Figs. 81-86; 
and they may in addition manifest themselves in the armature con- 
ductors if the latter are large. 

In all cases where eddy-currents are likely to be large, the cir- 
cuits affected are laminated so that the plane of lamination cuts 
across the path of this parasitic current. 

Drag on Armature Conductors. A conductor carrying a current' 
is surrounded by a magnetic field, as shown on page 8. If, now, 
such a conductor be placed in a uniform magnetic field — as, for 
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emmple, between a large north pole and a lai^e south pole — a com- 
pound field will result, having the distorted appearance shown in 





Fig. 83. 
Alteration of MaKnatic Field Due Co Movement of Mum o( Iron In Armature 

PTg. 87. The direction of the meciianical force exerted may be 
determined by supposing that the flux acts as a bundle of elastic cords 
tending to shorten themselves. As a matter of fact, there is tension 
in the direction of the flux, and stress at right angles to it, proportional 
at eveiy point to the square of the flux-density. A conductor in which 
current is supposed to be flowing away from the observer will, 
therefore, be urged in the direction of the arrow, Fig. 87; so that 
in every dynamo-electric machine the current generated produces a 
mechanical reaction which tends to stop the motion producing them. 





If the conductors are imbedded in slots or holes in the armature 
core, Fig. 88, it is found that the drag comes upon the iron, the mag- 
netic field being distorted as shown. In fact, the flux no longer 
directly cuts the conductors, but, as it were.'snaps from tooth to 
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tooth. In addition to thus relieving the conductors of the drag 
effect, the teeth permit a much smaller air gap to be used, sometimes 
reducing it to a mere mechanical clearance. In fact, the advantages 

accruing from the use of 

I S_ I toothed or slotted armature 

cores fiCre so pronounced 
that such forms are prac- 
tically always employed in 
preference to smooth core 
types. The advantages of 
the toothed armature cores, 
sometimes called the 
Pacinotti armature after its 
inventor, may be summa- 
rized as follows: 




Pig. 87. 



Distortion Produced by Oonductor in 



a Uniform Magnetic Field 



%, 



1. The reluctance of the. 
magnetic circuit is reduced to a 
minimum. 

2. The armature conductors are protected from injury. 

3. The conductors are held firmly in place and cannot slip on the core, 
by the action of the electro-dynamic forces. 

4. Eddy-currents in the armature con- 
ductors are avoided because the magnetic lines 
snap across them instantly. 

5. If the teeth are practically saturated 
by the field magnetization (B = 20,000 to 
23,000 per sq. cm., or 130,000 to 150,000 per sq. 
in.), they oppose the shifting of the lines by 
armcUure reaction. 

The disadvantages of toothed arma- 
ture cores are: they cost more; they 
may produce eddy-current losses in the 
polar faces; and they increase armature 
self-induction. The element of cost is of 
no account, however, when the advan- 
tages are taken into consideration. 

Stray-Power. In all practical machines 
there is a difference between the input 
and the output. In electrical machines, 
this discrepancy is caused by the following reasons: 




Fig. 88. Section of Slotted 
Armature 
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1. 
2. 
3. 

4. 

5. 

jections 

6. 



Armature-resistance drop producing PR effects. 

Friction of bearings and brushes. 

Air-friction of the rotating armature. 

Hysteresis in the armature core. 

Eddy-currents in the armature core, conductors, and polar pro- 



Energy is also consumed in the field winding, due to PR effects. 

Nos. 2, 3, 4, and 5 are grouped under the head of stray^power 
losses, being from 40 to 60 per cent of the total loss. No. 3 is small, 
except in those cases where the armature spider is provided with 
fans to aid ventilation, and where special ventilating ducts are pro- 
vided in the armature, as in most modern machines. No. 4 is by 
no means negligible, but never adds more than 1 or 2 per cent to the 
driving power. No. 5 is the most important of all, especially in 
large machines. It makes its presence felt even in the metal of the 
shaft, and there will be power wasted if flux leaks through this portion. 
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PART II 



CALCULATIONS 

Fundamental Equation. We have seen, page 23, that an e. m. f. 
of one volt is generated when 10^ lines are cut per second. As 
most armatures have more than one conductor cutting the field flux, 
the e. m. f. will be proportional to the number of conductors in series. 

Assuming that the sections of the armature winding equal in 
number the commutator bars K, the external conductors all around 
the armature will be hK, The total number of conductors that 

are in series with each other electrically from brush to brush is 

hJC 7 

— , or — i where c is the number of paths in the winding. If the 

C C/ 

armature speed is given in r. p. m., then the revolutions per second 

r. p. m. iV 
""^^ 60" ^ 60* 

In order to compute the e. m. f. generated, we have 

Number of lines cut by one external wire in one revolution = 2 p ^ 
Number of lines cut by 1 external wire in 1 second = 2 n p <^ 

Number of lines cut by — external wires in series in 1 second 

c 



2'pn^Z 



Average e. m. f. generated, in C.G.S. units = 



2pn<f>Z 



Average e. m. f . generated, in volts = 
Average e. m. f. generated, in volts = 



2pn<t>Z 
10*»c 

2 p * Z X .V 



(12) 



c X 10« X 60 

If the number of circuits through the armature is equal to the 
number of poles in the field, then 



(Average) E = 



- Mn 



(13) 



10« X 60 

Remember that this e. m. f. is an average, and that the fluctua- 
tion during a rotation depends upon the armature construction, 
pages 25-28. 



s 

1« 



66 DIRECT-CURRENT DYNAMOS 

TABLE II 

Relations between Capacity, Speed, and Number of Poles 
for Continuous-Current Generators 



Capac- 
ity 
in 
Kilo- 
watts 


High Spbbd Belt 
Driven 


Low Speed Belt 
Driven 


Enoinb Dbivbn 


Speed in 
R. P. M. 


No. • 
of Poles 


Speed in 
R.P.M. 


No. 
of Poles 


Speed in 
R.P.M. 


No. 
of Poles 


5 
10 
15 

25 

50 

100 

150 
200 
300 

500 
1000 
1^00 


1100-2100 

1050-1950 

960-1770 

850-1550 
700-1200 
590- 850 

540- 700 
495- 625 
435- 520 

335- 380 


2-4 

2-4 

2-4 
2^ 
4-6 

4-6 
4-6 
4-6 

4-6 


640-1100 
610-1050 
580- 960 

530- 850 
470- 700 
440- 590 

420- 540 
395- 495 
360- 435 

295- 335 


4 
4 
4 

4-6 i 

4-6 

4-6 

4-6 
4-6 
4-6 

4-6 


400-800 
340-480 
305-415 

250-370 
175-325 
120-290 

110-250 

100-230 

86-180 

70-124 
59- 92 
56- 85 


4 

4 

4-6 

4-6 

6 

6-8 

6-8 

6-10 

8-12 

10-14 
12-16 
12-16 



Example. Assume a 4-pole machine with a 4-circiiit armature wind- 
ing; the flux per pole, 2,000,000 lines of force; the total number of inductors 
in the armature, 600; and the speed of the machine, 1,200 r. p. m. Determine 
the generated voltage. 

Substituting in equation (12), we have 

P - 4X2,000,000X600X1,200 _^^ ,. 
^ 4 X 10« X 60 ^^^ ^°*^ 

In the practical application of this formula, certain quantities 
are fixed by the specifications. For example, the terminal voltage 
E is decided upon beforehand, the speed is fixed by the prime mover, 
and the number of poles is largely governed by the current capacity 
of the machine. If in a generator there are as many parallel cir- 
cuits through the armature as there are poles, increasing the number 
of poles will enlarge the current capacity of the machine without 
affecting its voltage. General relations between kw. capacity, speed, 
and number of poles for continuous-current generators are given 
in Table II. 

Consequently in preparing the design, the variables in equations 
(12) and (13) are flux per pole and number of armature conductors. 
Even these two quantities are to some extent restricted since the 
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flux depends upon the cross-section of the poles and in turn the 
former will affect the yoke and frame. Similarly, the number of 
armature conductors must permit of proper design of the armature 
teeth and not give rise to objectionable armature reaction. 
MAQNETIC CIRCUIT 

Forms of FJeld-iVIagnets.. General. Before discussing the appli- 
cation of the formulas for the magnetic circuit, given on pages 12 to 23, 
Fart I, to actual machines, let us consider 
the various shapes in which field-magnets 
and frames are usually found. 

The form of a field-magnet depends 
primarily upon whether it is bipolar or 
multipolar. Prior to about 1890, the for- 
mer type was in universal use for all 
direct-current machines, even up to large 
sizes; but now it is generally restricted 
to machines at less than 5 kilowatts out- 
put, larger sizes being made multipolar to 
save material, as explained later. 

Bipolar field-magnets may be of the simple horseshoe type, 
placed as in the early Edison machines, Fig. 89; or may be turned 
with the pole-pieces upward, known as the inverted or over-type, 
Fig. 90; or the horseshoe may be laid on its side. Fig. 91. This 



Tig. 80. Under-Type Bipolur 



Fig. 90. Over-Type Bipi 



Fig. 91. Sinile Ej 



Sinile E 
lipolar D 



latter type produces an unsymmetrical machine, and, in addition, 
the entire base and bearings are connected to one of the polo-pieces. 
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exposing a lai^e surface which materially increases the magnetic 
leakage. This tj"pe is interesting, however, from the fact that it has 
but a single field-coil. The same form is also arranged with the core 
horizontal, the aimature being either under or over the latter, in 
which case the supports for the bearings must be of some non-mag- 
netic material such as br&ss, since they extend from one pole-piece 
to the other. 

These forms, excepting the over-type, are open to the objection 
that, if set upon an iron base, the base would act as a magnetic short- 
circuit, and thus rob the armature of a considerable portion of the 
magnetic flux. In the Edison machines, this difficulty was partly 
overcome by interposing thick pieces of zinc between the pole-pieces 
and the base; but Hopkinson* found that even with this arrangement, 
the leakage through the base was 
over 10 per cent of the total flux. 
The over-type, on the other hand, 
has but small magnetic leakage of 
this character, since the pole-pieces 
are far removed from the base bear- 
ings or other magnetic conductors. 
Tit. 03. Mmncheswr Type of Fig. 92 represents a radically 

different form of bipolar magnet, 
called the Manchester type, from its place of manufacture in England. 
The construction is extremely solid, and offers good protection to 
the machine; but it has the undesirable feature of having two mag- 
netic circuits in parallel, producing consequent poles and requiring 
the full number of ampere-turns for each circuit. Hence, the total 
number is doubled; but each is only V ^ times as long, because the 
cross-section of each core is one-half that of an equivalent single core. 
The required length of wire is thus 2 X |/ ^ = 1.41 times as great 
for the double magnetic circuit. This form also has considerable 
magnetic leakage, the entire base and bearings being connected to 
one of the pole-pieces. 

The modem tendency has been to draw away from these early 
designs, and to adopt machines that are wholly or partially enclosed. 
Figs. 93, 94, and 95 represent, respectively, the bipolar, four-pole, 

•PhlloaophlciLl Transactions of the Royal Society, MayS, 1336. 
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and multipolar ring arrangements of present-day practice, the bipolar 
type being restricted to machines of small output, as noted above. 
This ring arrangement has the advantages of strength, simplicity, 
symmetrical appearance, and minimum magnetic leakage, since the 
pole-pieces have the least possible 
surface and the path of the mag- 
netic flux is shorter, more symmet- 
rical, and more natural. 

Magnetic Leakage. The func- 
tion of the field-magnet is, as we 
have seen, to produce a flux which 
the armature conductors cut in 
order to generate an e, m, f. This 
flux is called the v^eful flux. In 
addition to this useful flux, there 
is a stray flux from all parts of the 
fleld system. Figs. 96 and 97, the m. m. f. of the exciting ampere- 
turns having to produce both these fluxes. If we call 'I>^ the flux 
in the magnet-core, ^^ the flux in the armature, and 'J>^ the flux wliich 
strays, we have 



FiE. 93. Bipolar Hina Field-Magnet 




Fls. M. PaoT-Pole Ring nold-MBcnet Fig. SS. Multipolar Ring Field-Magnet 

The ratio between the total flux and the useful flux is called the 

ocejjicicnt of magnetic leakage or dispersion, that is 



(14) 



It is a number greater than unity, and varies in value with tlie size 
and type of generator. 



70 



DIRECT-CURRENT DYNAMOS 



The ma^itude of the stray field depends chiefly (a) upon the 
shape of the magnet-limbs — thus circular cores, for example, will 
have less leaka^ than those of rectangular cross-section, on account 
of the smaller area of the side flanks; (6) upon 
the length of the air gap, because the higher 
the reluctance of the latter, the greater the 
' ', tendency of the flux to take alternative paths; 

I j (c) upon the degree of saturation to which 

the field system is pushed, because the mag- 
netic conductivity of the leakage paths in air 
is constant, while that of the iron cores de- 
creases as the saturation point is approached. 
It is evident, therefore, that the coefficient of 
dispersion not only varies with different types 
of machine, but is not generally constant even 
in a given machine, since it rises with the 
excitation. Moreover, when a large armature 
current flows, the demagnetizing action of the 
Hk. 08. Magnetic Leakigo letter directly aids dispersion, as it usually 
or 8ir»y "^^^^^ ^ipo ar produccs an m. m. f. opposed to that of the 
main fiux, which tends to blow aside the latter. 
The only accurate method of determining the dispersion factor 
of any machine is by direct test.* For purposes of design, however. 




Foui^PdIs Field 



one must resort to the results of experiments performed on machines 
similar to the one being designed. Table III gives approximate values 
of dispersion coefficients for machines of the modern type, i. e., mul- 
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TABLE III 










Dispersion Coefficients 


Output 

in 
Kilowatts 


Ring 

Type 

Figs. 93-95 


Over-type 

Fig. 90 


Under-type 
Fig. 89 


Single-Magnel 

J'yp® 

Fig. 91 


Manchester 

Type 

Fig. 92 


1 


1.25-1.60 


1.30-1.65 


1.35-1.65 


1.30-1.65 


1.35-1.80 


2.5 


1.20-1.50 


1.2^1.55 


1.30-1.60 


1 . 25-1 . 55 


1.30-1.70 


5 


1.18-1.40 


1.20-1.45 


1.25-1.55 


1.23-1.50 


1.25-1.60 


10 


1.16-1.35 


1.20-1.40 


1.22-1.50 


1.20-1.45 


1.20-1.55 


25 


1.15-1.32 


1.15-1.35 


1.20-1.45 


1.18-1.40 


1 . 18-1 . 50 


50 


1.13-1.30 


1.15-1.30 


1.18-1.40 


1.15-1.35 


1.16-1.45 


100 


1.11-1.28 


1.15-1.30 


1.16-1.35 


1.15-1.35 


1.15-1.40 


200 


1.08-1.25 




1.14-1.30 






300 


1.08-1.22 




1.12-1.25 






500 


1.08-1.20 




1 






1000 


1.08-1.18 










2000 


1.08-1.15 











tipolar frames, and, for comparison, values for corresponding machines 
of the other types mentioned. 

It is seen that the magnetic dispersion is greater with the smaller 
sizes of machines, because the surfaces from which it occurs are 
relatively longer compared with the total flux. It is also, greater with 
cast-iron magnets and pole-pieces than with mild steel or wrought- 
iron ones, because the leakage areas are proportionally larger. Simi- 
larly the dispersion is more marked with smooth than with toothed 
core armatures on account of the greater length of air gap. 

It is theoretically possible to predetermine the dispersion of a 
given machine from the working drawings,* the calculations being 
based upon the principle that where a circuit offers alternative paths, 
the flux will divide itself between the paths in the proportion of their 
relative magnetic conductance, or permeance. In fact, the theory of 
parallel electrical circuits is here applicable. Various rules have 
been devised for this purpose, and one easily applied, which gives 
a close approximation, is 

Coef:ofleakage=l + .5[ J;^^ ] (15) 



♦•* Dynamo-Electric Machines." A. E. Wiener, 2d ed., p. 217. 
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wherein, /p, Ig, etc., are shown in Fig. 97. The designer, however, 
usually contents himself with referring to tables. 

Exciting Ampere-Turns. The determination of the exciting 
ampere-tums for a machine is a simple matter if we know the dis- 
persion coefficient and the magnetic properties — as shown by the 
B-H curve — of the materials forming parts of the magnetic circuit, 
Fig. 100. 

The simplest mode of procedure is to fix approximately the 
flux necessary to pass through the annature in order to produce 
the required e. m. f.* Knowing this value, and also the size of 
the machine, we may select from Table III a suitable dispersion coefli- 
cient and thus find the flux required to be produced by the field 
winding, that is 

The next step is to allow a sufficient cross-section of material 
in the various parts to carry this flux at a reasonable flux-density. 
Knowing the latter at once fixes the reluctance, and the necessary 
number of ampere-tums is found by solving the equation connecting 
the flux, m. m. f., and reluctance of each portion of the circuit, dis- 
cussed on pages 13-18, that is 

Ampere-turns = /T = j^^^^^ - ^-^^^ = ^^2577; 

The sum of the ampere-tums required for the different parts 
will then give the total ampere-turns for that circuit. 

Ampere-turns = j^^^ + ^j^ + jy^^— + ^^- + ^^^57 (^^^ 

Wherein B^, Bp, B^, B,, and B^ are the flux-densities per sq. cm. in 
the yoke, pole-pieces, armature core, teetli, and air gap, respectively, 
and ly, Zp, Icf It, and Ig the lengths of the respective parts in centi- 
meters. 

The magnetic path from one pole to its neighbor of opposite 
polarity and rctum, is alone considered, as indicated in Figs. 93, 94, 
and 95, assuming a ring-type yoke. Hence, the total ampere-tums 
for this circuit will be those necessary per pair of poles. In other 
words, each field-coil must have one-half of this total value. 



*See Equations (12) and (13), page 65. 
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As average values for the magnetic densities in the various parts 
of continuous-current generators, we may take those given in Table 
IV, departures from which are, however, often necessitated by cir- 
cumstances. 

If the particular solution thus arrived at is not suited to the 
various conditions, a slight change in the original assumptions will 
bring one nearer to the proper value. In fact, the Tnore preliminary 
calculations that are mode, the more nearly perfect and the more 
reliable will be the final figures; furthermore, it is always wise to 
make assumptions both sides of the accepted value, to assure its 
correctness. 

As these assumptions carry with them the selection of the 
magnetic dimensions of the machine, it will be well to consider these 
here. 

TABLE IV 



Flux in Densitt 


Lines niRSaUABElNcii 


Ma™«,a. 


Armature body 
Armature teeth 
Air gap 

Magnet^cores 

Magnet-yoke 


50,000 to 95,000 
100,000 to 130,000 
40,000 to 55,000 
75,000 to 100,000 
J 70,000 to 90,000 
135,000 to 50,000 


Soft sheet iron or mild steel 

Soft sheet iron or mild ateel 

Air 

Cast ateel or wrought iron 

U cast Bteel or wrought iron 

If cast iron 



(a) Yoke. In all machines of the ring (yoke) type, the yoke 
carries only one-half the total flux, as may be seen by reference to 
Figs. 93-95. The magnetic length is the mean length of path. 

(6) Magnet-Cores. As each core carries the whole flux for one 
pole-face, the entire section of one core is considered. The length 
of the magnetic path in the magnet cores is, however, twice the length 
of one core. 

(c) Air Gap. Since slotted armatures are used almost exclu- 
sively at present, the magnetic area of this portion will equal the 
mean of pole-face area and tooth surface of armature under the 
pole. The total magnetic length of these gaps is twice the distance 
from iron to iron, measured perpendicular to the armature periphery. 

(d) AmuUvre Core. Here, also, the magnetic flux divides into 
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two or a multiple of two paths (for the ring-yoke design), so that 
the magnetic area carries only one-half the flux entering the arma- 
ture from one pole-face. The magnetic section is also less than the 
gross section, on account of the insulation of the core-disks* and 
the presence of ventilating ducts. If the latter are absent, it is 
usual to allow 10 per cent as space loss if the insulation is vamish, 
and 15 per cent if it is paper. When the air ducts are present, 25 
per cent may be assumed for preliminary calculations with vamish 
insulation, and 35 per cent with paper insulation. The magnetic 
length is the length of the mean path lying between the roots of the 
teeth and the periphery of the internal hole.t 

(e) Teeth. The total length traversed by the flux in this portion 

« — __ 

of the circuit is equal to twice the depth of one tooth. The width 
of one tooth may be taken as the width at the root, the teeth being 
generally trapezoidal in shape. The number of teeth receiving the 
flux from one pole may be taken as the number lying immediately 
under the pole-face, plus one or two, depending upon the allowance 
for fringing.** The magnetic area of the teeth will, therefore, be the 
number so determined, multiplied by the product of the mean width 
of one tooth and the mean length of the armature, where the latter 
is the gross length minus the percentage allowed for insulation and 
aii'-ducts. Account must also be taken of the fact that when the 
teeth are operated at densities of 100,000 lines per square inch or 
more, part of the flux from the poles will take the alternative air 
paths through the slots to the armature core, since at this high density 
their permeance is not insignificant compared with that of the teeth 
themselves. In other words, the ampere-turns calculated to force 
the flux through the teeth alone at high flux-densities would be in 
excess of the correct amount. 

An equation from which the actual flux-density in the teeth can be 
calculated if the apparent density is known, is 

Actual flux-density in teeth = B, ^ B.. ( b^+^^l ^^^+„bj (17) 

■^See page 60 for reason for laminating and insulating core-disks. 
fThe "Internal hole" is that portion of the armature between the center and inner 
edge of the core. 

♦♦"Fringing" means spreading of flux issuing from a pole-shoe. 
tf'Dynamo-Electric Machinery," S. P. Thompson, page 146. 
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where 



a = Ratio of net length to gross length of armature core; 
B, = True value of the tooth flux-density; 
Ba = Apparent value of the tooth flux-density; 
bt = Width of a tooth at the root; 
K = Width of a slot; 

h = Net length of the armature parallel to the shaft; 

/* = Magnetic permeability; 
9a ~ Flux entering the armature from one pole; 
^t ~ Flux actually carried by the teeth, from one pole. 

We then have 

Iron section of one tooth = 6^ X /« 

Air section of one slot = -^ * 

a 



t'*O0O 



£taoo - 



toooo - 



iOOOO 



ttooo 




ttooo 



ISOOO JiOOOO X9000 X^CCO X600Q MSOOO 

Fig. 98. Apparent and Actual Flux-Densities in Teeth 



^t^ac9 



— fia^ooo 



ff6.MO 



soooo 



Taking this last equation, and substituting for a 0.75 (a common 
value), and various ratios for 6,-5-6,, we obtain the curves given in 
Fig. 98, by assuming various values for Boi finding the corresponding 
values of the permeability and then calculating B,. If other Vcalues 
of a are used and greater accuracy is desired, where the actual 
B-H curve of the material of the teeth is known, these new quantities 
should be placed in the equation given above, and new curves drawn. 
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Example of Calculation. In order that the foregoing rules may 
be clearly understood, and to exemplify the use of the curves and the 
method of calculation, we shall take a concrete case of dynamo 
design. In Fig. 99 is given a dimensioned sketch of a modem six- 
pole continuous-current generator having a capacity of about 200 kw. 



,\0 \\^ V y .', 




O Section 0-Y 

Fig. 90. Part of Magnetic Circuit of a Six-Pole Machine 

Assuming that 12,500,000 lines are required to produce the rated 
e. m. f. in the armature, let us determine the ampere-turns required 
per pair of poles to produce this flux in the armature. Taking a mean 
value for the dispersion coefficient from Table III, we have i' = 1.18 
approximately, and the data of the magnetic circuit around path A 
or path B is found in Table V. 

TABLE V 
Magnetic Flux in Armature Parts 



Pabt 


Material 


Total Flux 


Yoke 


Cast steel 


7,375,000 


Pole-cores 


Cast steel 


14,750,000 


Pole-shoes 


Cast steel 


14,750,000 


Air gap 


Air 


12,500,000 


Armature teeth 


Sheet steel 


12,500,000 


Armature core 


Sheet steel 


6,250,000 



We now estimate the magnetic lengths and areas as follows: 

Yoke, From Table IV, we assume a flux-density of 80,000, 
hence, the cross-section of the yoke is 
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U 



7,375,000 -^ 80,000 = approximately 92 sq. in. = A^ 

Consequently the dimensions of the yoke would be, say 5.5 inches 
by 17.5 inches to allow for rounded comers, making the actual flux* 
density in the yoke 

B^ = 7,375,000 4- 92 = 80,200 lines per sq. in. 
The length of magnetic path, scaled oflF from the drawing, is 

/ = 48 in. 

Magnet-Cores. Assuming, from Table IV, the flux-density as 
90,000 lines per square inch, we have as the required area of cross- 
section of the magnet-cores 

14,750,000 -^ 90,000 = 163.9 sq. in. 

Selecting a circular section for the pole-cores, let us. assume a diameter 
of, say 14.25 inches, as giving an area of cross-section nearest to that 
above computed. This gives 

Ap = 159.5 sq. in., 
and 

14,750,000 



Bp= 



159.5 



=* 92,500 lines per sq. in. 



The length of magnetic path in the pole-cores is twice the length 
of one; so that 

/,„ = 2 X 15 = 30 in. 

Pole-Shoes. These are cast-steel extensions affixed to the magnet- 
cores to increase the air-gap area. The mean area of each shoe is 
the average of the upper and lower faces. 

Area of upper face = 159.5 sq. in. 

The circumference of the armature being 2?: X 29.5, the polar 
embrace 44.3°, and the width of the pole-shoe 17.5 inches, tlien the 
lower polar-face area is 

44 3° 
2;r X 29.5 X — — X 17.5 = 402.9 sq. in. 

159.5 4- 402.9 _^ ^ . 

/l. = = 281.2 sq. in. 

2 * 



I 
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so that 

14,750,00 

D. = = 52,400 lines per so. in. 

281.2 ^ * 

The mean length of magnetic path per shoe is 2.75 inches. 
Hence, we have 

/, = 2 X 2.75 = 5.5 in. 

Air Gaps. The magnetic area of the air gap is the average of 
the areas of the polar face and of the effective tooth surface below 
the same. 

Polar-face area = 402.9 sq. in. 

As there are 220 teeth upon the armature core, there will be 220 X 

44 30 

— '— = 27 teeth under each pole. With fringing correction this 
360° ^ 

becomes 28 teeth. The width of each tooth on top is 0.36 inch, 

and as 75 per cent of the 18.5 inch gross length of the armature core 

is effective, we have as the area of the teeth below the polar face 

28 X 0.36 X 18.5 X .75 = 139.8 sq. in. 

Hence, the effective air-gap area is 

402.9 + 139.8 ^^^ ^ . 

= 271.4 sq. in. 

2 * 

Then 

B^ = 12,500,000 -^ 271.4 = 46,100 lines per sq. in. 

The magnetic length through air in path -4 or B is twice the 
length of an air gap, tliat is 

/^ = 2 X 0.3 in. = 0.6 in. 

Armature Teeth. The iron area of the 28 teeth acted upon by 
one pole, if the mean width of one tooth is 0.34, becomes 

At = 0.34 X 28 X 18.5 X 0.75 = 132.1 sq. in. 
Therefore 

Bt = — '.. «^'^j — = 94,600 "apparent" lines per sq. in. 
Since the flux-density is below 100,000 lines in this case, we can 
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By reference to the magnetizadon curves. Fig. 100, (he ampere- 
tiims per inch of length for tlie various materials at the fJux-densitiea 
determined may be found, and the amperc-tums for total length o! 
path computed. The results are tabulated in Table VII. 

Coil Winding Calculations. In series field-coils the whole of the 
external current, or a definite part of it, is used for the production 
of a m. m. f., so that the number of turns of wire or strip is found 
by dividing the requisite number of ampere-turns at any ^ven load 
by this current Furthermore, this wire or conductor must be of 
sufficient size to carry the given current safely, efficiently, and with- 
out overheating. 

If the machine were to be separately excited, it is probable 



ITg. 100, Magnotiialion Curves of Irone and Steeta 

that the e. m. f. of the exciter would be specified, and we should 
have practically the shunt case. If, however, the current were given, 
the determination would be the same as in the case of the series 
winding above. 

Shunt Winding Calculations. The determination of the best 
size of wire for a shunt winding is far more difficult than for a series 
one, in that merely the ampere-turns and the voltage applied to the 
terminals of the coil are given, while the space allotted to the winding 
and the heating limits must be kept within definite bounds. Various 
methods have been suggested, but none are very satisfactory. One 
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of the simplest is as follows: The temperature of the field coils for 
continuous operation at rated load may be assumed to be 75° C, 
that is, a 50*^ C. rise above a room temperature of 25° C. At this 
temperature the resistance of a mil-foot of copper wire, that is, a 
wire 1 foot long and 0.001 inch in diameter is 12.56 ohms. Hence, 
the resistance of any length of wire becomes 

^ _ 12.56 Xf, 

Circ. mils ^ 

in which l^ is the length of the conductor in feet, and "Circ. mils" is 
the area of cross-section in circular mils, which is equal to the diameter 
in mils squared. The current traversing the, wire when a voltage 
V is applied at its terminals, from Ohm's law, is 

^ P X Ciix.. mils 

12.56 X h ^^^^ 

It is also evident that the ampere-turns in any winding are numerically 
equal to the amperes that would result if a single turn of wire were 
supposed to be subjected to the given voltage, because two turns 
would have twice the resistance and would take one-half the current; 
and so on for any number. Hence 

V X Circ. mils 



Ampere^tums 



12.56 X I 



in which l^ represents the mean length of one turn in feet. By trans- 
position we obtain the cross-section of the wire required, that is 

p. ., _ Ampere-turns X /p X 12.56 

V 

Example. An S-pole, 150 kw. shunt generator required 808 ampere- 
turns per pair of poles when its terminal voltage was 115. The poles were 
9i inches wide, and 10 inches long parallel to the shaft. Allowing a depth 
of winding of about 2 inches and a spool thickness of about ^ inch, the mean 
length of one turn would be nearly 50.5 inches, or 4.2 feet, the poles being 
rectangular. Then, at rated voltage, V per pair of field-exciting coils is 
115+4=28.75 volts, and we have 

Circ. mils = S08 X 4^2 X 12.56 ^ ^^ 

2o.75 

Referring to a B. & S. Wire Gauge Table, we see that the wire having an area 
of cross-section in circular mils nearest this figure is No. 18 B. &S., for which 
circ. mils — 1600. 
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In applying the above formula to the shunt winding for a dynamo, 
allowance must be made for the resistance of the rheostat which is 
usually put in the shunt circuit to regulate the e. m. f. This resist- 
ance will consume from 20 to 30 per cent of the no-load voltage, 
and the value of l'" to be substituted in the formula should, there- 
fore, be a corresponding amount lower, unless the rated load voltage 
be used. In this case the resistance of (he rheostat is determined 
by the resistance which it is necessary to add to that of the field- 
winding in order to keep the generated e. m. f. at the proper point 
for all other loads. 

Space-Factor. In alt cases where insulated conductors, whether 
strip or win', are U50<l, the space taken up by the conductor proper 
is always a fraction of the whole space occupied by the entire wind- 
ing. This fraction will obviously depend upon the shapes of the 
conductors and the space set apart for the winding, and also upon 
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ol BHldlDg of Bedding 

the thickness of the insulation. The ratio of net cross-sectional 
nrvu of ct»p[>er in any such space to the gross section, is called the 
uptwf-faclor. 

In winding bobbins for field-magnet coils, the space-factor 
depends largely upon whether square or round wire is used. If the 
former, the space wiu-iled is less, and the heating of the coil is reduced 
—fur a jpven numlH-r of turns earning a given current, etc.^ — since 
(here is less ortKss-seotion filled with air or insulation, either of which 
is a l«id contluctor of heat. If round nnres are used, as is generally 
the |inictice, the sftace-factor will be determined chiefly by the ratio 
Ix'twiH-n the relative thicknesses of the wnre and its insulation, and 
also by the jmrtial lie^ldiiig of one layer of wires between those of 
the laver Ih-Iow. 
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Some actual figures have been put into graphical form by Dr. 
S. S. Wheeler, and these are given in Fig. 103. Here the broken 
lines represent the values by the formula assuming the square order; 
and the full lines, the observed values. It is seen that the larger sizes 
of wire do actually bed a little, while with smaller sizes the bedding 
is negative. 

Connections of Exciting Coils. It is the almost invariable custom 
to connect all the field-magnet exciting coils of the same type in series 
with each other, so that the magnetizing current is the same through- 
out. Then, if the number of turns per spool is the same, the flux 
per pole will be uniform. They must also be connected up so as to 
produce alternate north and south poles, so that if all the coils are 
wound in the same direction, and similarly placed, the connections 




Fig. 104. ConnectionB of Field-Magnet Coila 

will come alternately at the yoke-end and the pole-face end of the 
bobbin, as in Fig. 104. Particular methods of winding field coils 
are shown in detail on pages 163 — 167. 

Excitation Losses. Having computed the resistance of the 
shunt winding r,^ by the previously explained method, we have 

V V^ 

— XV= — as the watts actually expended in the shunt field- 

. coils, V being the terminal voltage of the generator. To this loss 
. must be added the one in the shunt-regulating resistance, and also 
the loss in the series-regulating coils, if any, in order to give the 
total watts required in excitation. For shunt-wound machines, the 
watts required in excitation vary in practice from 1 to 8 per cent 
or more of the output, depending upon the capacity of the machine. 
As a guide in this direction. Table VIII has been constructed, giving 
the maximum permissible excitation losses. 

Heating of Magnet-Coils. The heat developed in field-magnet 
coils is dissipated in two ways: It is either carried by conduction 
through the copper and the insulation, and then by radiation and 
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Excitation Losses 
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Output oyMACHixB in Kilowatts 


Excitation Losses in per cent f Rated 
Load Output 


5 


6 


10 


5 


20 


4 


30 


3.5 


50 


3.0 


100 


2.75 


200 


2.50 


300 


2.25 


500 


2.00 


1,000 


1.75 


2,000 


1.50 



convection to the outer air, or it is conducted to the iron portions of 
the machine nearby and radiated off by these. In either case the 
amount of heat produced in the coil is equal, in watts, to the product 
of the resistance and the square of the current, while the rate at 
which the heat is lost cannot be very accurately calculated. 

In order to compute the temperature which a field-coil finally 
reaches, let w^ be the watts wasted in field coib at rated load of 
machine; A'^ he the radiating area of all the bobbins, in square 
inches; 0^ he the final temperature rise above surrounding air 
(usually 50° C.) of the field coils. Then 



so that 



or 



<>•« 


1 


^»« 


A'„ 


n =% 


w^ 



A'^ 



(22) 



where A is a constant depending upon the depth of the winding, 
upon the cooling action due to the armature rotation, and upon the 
condition of the surrounding air. It is the temperature above that 
of the surrounding air to which the coil would be raised if radiating 
1 watt per square inch. 
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Experience has shown that a certain rise in temperature is 
allowable, this being usually put at 60^ C. or 90° F. above the tem- 
perature of the surrounding air. Tests have also demonstrated that 
this rise in temperature is not usually exceeded if a certain surface 
of coil is allowed for each watt converted into heat. The difficulty 
in fixing this is due to the way in which the heat is dissipated, as 
before noted. Also, authorities differ in regard to what surface 
shall be considered as radiating, in some cases going so far as to count 
only the external cylindrical surface of the coil. As a matter of fact, 
the internal surface of the coil, next to the poles, usually dissipates 
more heat in a given time than the external surface, so that the total 
area should be reckoned. This may be done by assuming a proper 
value of h, which, according to W. B. Esson, is about 55, and, accord- 
ing to Esterline, 83, for ordinary bobbins; or by relying upon the 
experimental results given in Table IX. Esson, in using this figure, 
counts as radiating surface only the external heat-radiating area 
and not the end flanges and internal surfaces. Esterline includes 
in the radiating surface the external and internal areas and the 
flanges, counting the last two as radiating only one-half as much as 
a corresponding external area. 

ARMATURE WINDINGS 

We ha\e seen in equation (12) the relations existing between 
the number of annature inductors (Z) and the other factors, such as 
speed (r. p. m.), field strength (<>), and voltage (E), and, although 
the number of inductors may be varied, the designer will always 
follow certain methods in placing these upon the armature core. 

These inductors — or conductors, as they are sometimes called — 
are almost universally made of copper. Their arrangement upon 
the armature, and the order in which they are connected together to 
form a complete winding, constitute one of the most involved sub- 
jects in the design of dynamo-electric machinery. 

Classification. Armature windings may be classified according 
to the way the inductors are placed upon the armature core, as follows: 

RiTig Windings are those in which the inductors are wound upon a ring- 
shaped core, passing around the ring in the form of a helix. 

Drum Windings are those having the inductors placed entirely upon 
the surface, or in slots upon the surface, of a cylindrical core. 
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Disk Windings are those where the conductors are arranged in a plane 
like the epokes of a wheel, the end connections being similar to those of drum 
armatures. 

Pole Winding* are those in which the conductors are wound around 
radial iron cores projecting outward from a central bub. 

Of all these types, the drum is almost exclusively used at the 
present time for the armature windings of continiious-current ma- 
chines, since, in contradistinction to the ring winding, there are no 
internal return conductors to increase the amount of armature copper 
needed, and for the greater reason that formed coils are applicable, 
greatly reducing the first cost and facilitating insulation and repairs. 
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A drum armature partly wound with formed coils is illustrated in 
Fig. 105. Disk and pole armatures are almost never used in modem 
machines, and no further attention will be paid to them. 

Besides this grouping, we may also divide windings into ctosed- 
eoii and opett-coU types, depending upon whether the winding con- 
stitutes a closed or an open circuit. Closed-coil armatures are in 
almost general use for direct-current machines, since they give a 
steadier current and spark considerably less at the collecting brushes 
than the open-coil types. The latter are used for direct-current art- . 
lighting machines and for star-wound alternators. 



CALCULATIONS 



Winding Element. An armature coil, winding element, or sec- 
tion, is that portion of an armature winding which terminates at 
two commutator bars. In its simplest form in ring windings it con- 
sists of only one armature conductor, Fig. 106, the internal portion 
being inactive, that is, cutting no flux and, therefore, sen-ing simply 




Ring Hg. 107. Multiple Turn 

Ring Winding 

as an end connector. The element may, however, consist of two or 
more conductors, as in Fig. 107. 

Var^-ing the number of inductors in series in any element pri- 
marily affect! only the e. m. f. generated by the coil, the end con- 
nections of the section as a unit remaining unchanged. 

In the case of drum windings, a winding element in its simplest 
form consists of two armature inductors, with the necessary end 
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connections. Fig. 108, so that the maximum number of armature 
coils is equal to one-half (he number of inductors. However, as in 
ring armatures, so in a drum winding, more than two inductors may 
be placed in series or an element may consist of two 2/ inductors 
in series. Fig, 109, where / is an integer. 
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Similarly, the resistance of an element may be reduced by con- 
necting several conductors in parallel, Fig. 110; but this alsodoes not 
affect the end connections of the coil as an element of winding; 
it merely increases the current-carrying capacity. In either case 
the method of winding is not altered by putting more turns of wire 
in series or in parallel in each section. 

The whole theory of armature winding may, therefore, be said 
to resolve itself into a study of end connections; and in discussing 
drum windings, we shall consider an element consisting of two arma- 
ture conductors with their end connections only. 

Possible Number of Commutator Bars. We have seen that at 
each end of a section of winding there is a commutator bar. In the 
simplest form of ring-wound armature, each element of the winding 
contains only one armature con- 
ductor, so that K, for maximum 
number of commutator bars, is 
equal to Z, the total number of 
armature inductors upon the core, 
tiie re.st of each element being 
equivalent to an end connection. 
The number of commutator bars 
in a ring winding may also be 
less than Z; but in any case it is 
Z -^ f where / is 1 or an integer 
factor of Z. 
Fit. 111. Ring Winding tor 4-poiB Maciiiiie In closed-coii drum windings, 
A', the number of commutator 
bars, has for its maximum value Z -i- 2, and it may be Z -i- 2/ 
Pitch. The distance between the beginning of one winding 
element and the beginning of the next element connected to the first 
one is called the vniidinff space, or simply pitch. This pitch may 
either be measured by the number of inductors passed over or by the 
number of commutator bars passed. In the former case it is desig- 
nated as wiiiding pilch, y, while in the latter case it is called com^ 
mutaioT pUch, y^. Figs. 113 and 114 will make this clear. 

Ring Windings. Ring windings may be divided into two 
classes: the apiraUy-^txmnd ring, and the aeries-connected tvave- 
toowid ring. 



CALCULATIONS 91 

The first type, shown in Figs. Ill and 112, fonning in itself a 
single closed helix, is unaffected by the number of poles (2p); by 
merely placing 2p sets of brushes on the surface of the commutator 
at equal distances apart, the winding is at once divided into as 
many equal and symmetrical paths through the armature, and we 
have c = 2p. A multipolar annature is tlius obtained, having as 
many parallel circuits and as many points of collection of the current 
as there are poles. The equation of the e. m. f. of such a mvUipolar 
paraUel-ioouTid or mvltiple-circuit armature is similar to that for a 
bipolar machine, that is 

_ _ 2p X j>xZ X r.p.m. <i> X Z X r.p.m. 
c X 10" X 60 " 10" X 60 

since c = 2p. This multipolar winding has greater current-carrying 
capacity than the bipolar, since there are more paths in parallel. The 



Tie. 112. Developmeat of Rioc Wiadine foe 4-Pole Machine 

multipolar winding is, therefore, equivalent to several bipolar dynamos 
in parallel, just as the bipolar machine was shown to be equivalent 
to two sets of cells in parallel, Fig. 48, Part L In the cases just con- 
^dered the winding and commutator pitches are both l,ory = j/^ = 1. 
In Fig. 113 is shown a series-connected wave-wound ring arma- 
ture. If we start at commutator bar /, and trace the circuit, it will 
be seen that it leads through coil /, commutator bar 9; coil 8, bar S; 
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Els. 113. BeriaHConnected Wsvc-Wound Ring Aimatnia 
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coil 16y bar 10; etc. The two circuits through the armature are then 
as follows: 

Coils 6-13-6-14-7-15 



— Brush-""'""^ Coils^ ~~---^\^ + Brush on 

on bar j\ 1-8 _- — r::::=^bars 1-2 




Coils 12-4-11-8-10-2-9 



Coils 1 and 8 (drawn heavy) are short-circuited and, for the 
instant shown, theoretically carry no current Upon close examina- 
tion of Figs. 113 and 114 it will be seen that coils 6, 6, 7, 13, 14, and 
16 are all under south poles, while the other ones are directly under 
north poles. The winding thus connects half of the armature sec- 
tions in series and the two halves in parallel, and only two brushes 
are required. Another way of obtaining the same result is illus- 
trated by Figs. 115 and 116; here each end of every section is con- 
nected to a separate commutator bar and the bars connected to put 
the coils in series, as in the preceding example. 

Referring again to Fig. 113, we see that proceeding in a clock- 
wise direction the winding pitch is 7-^, while the commutator pitch 
is 7. If there had been only one inductor per section, the winding 
pitch would have been 7, the same as the commutator pitch. The 
winding pitch is 16 and the commutator pitch 16 in Fig. 115 (pro- 
ceeding in a counter clockwise direction), there being two com- 
mutator bars per section or one per inductor. 

The general winding formula for series wave ring windings for 
any number of poles is y = ( Z ± c ) -^ p; wherein y is the wind- 
ing pitch, Z the number of inductors, c the paths in parallel, and p 
the pairs of poles. 

In Fig. 113, Z = 30, c = 2, and p = 2, therefore, y can be 
either H or 16, The value y = 14 has been chosen. The only precau- 
tion in determining the pitch for wave-wound series-connected ring 
windings is that all the conductors joined together must cut flux under 
poles of like sign. 

Midtipolar Parallel-Connected Ring Windings. In a bipolar 
machine, there arc two points on the commutator where the e. m. f, 
is zero, i. e., where proper commutation may occur, so there will be 
2p points in a multipolar parallel-connected ring winding where the 
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current is commutated, and 2p brushes will be needed. If, however, 
the increased number of points of collection be regarded as a dis- 
advantage, they may again be reduced to two, by joining all com- 
mutator bars which are situated 360 -r- p degrees apart, so that 
sectors which are at any moment in the same polar position and, 
therefore, at the same voltage, are connected together. These con- 
nections are termed equipotential or cross-connections. Thus, in a 
four-pole machine, each commutator bar must be connected to that 
diametrically opposite, and there is a choice between two positions 
for the brushes at right angles to one another. In a six-pole machine 






Fig. 117. Commutator Connections for a 4-Pole Cross-Connected Winding; 

each cross-connection must unite three bars situated 120° apart, and 
the brushes may be either 60° or 180° apart; in an eight-pole machine, 
four commutator bars 90° apart must be joined, and the brushes may 
be either 45° or 135° distant from each other. Thus in general the 
angle between the brushes of unlike sign must be 180° -r- p or any 
uneven multiple of this angle. The commutator connections for a 
four-pole cross-connected winding of the type described are shown 
in Fig. 117, while Fig. 118 illustrates the same for a six-pole machine. 
When thus cross-connected, the commutator must be made p times 
as long as before, in order to provide suflScient surface of contact to 
collect the current by the two sets of brushes; also, the number of 
commutator segments must be divisible by 2p. 
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A reduction of the number of brushes by means of equipotential 
connections is only permissible when the current density at the 
brushes is small. It is possible to make the conmiutator longer and 
the brush area per set larger, but this is expensive. 

Equipotential connections are used to a large extent in modem 
generators, however, not for the purpose of reducing the number of 
brushes, but to equalize the diMrtbvi.ion of current throughout the 
armature winding and between brushes of the same polarity. With 
equipotential connections, owing to their added resistance one circuit 
will be overloaded, if only two sets of brushes are used, causing 





Fig. 118. Commutator Connections for a 6-Pole Cross-Connected Winding 

sparking, etc. General practice is to have the full number of brush 
sets, together with the additional cross-connections, which now equal- 
ize the currents in the armature sections as well as between the 
brushes and are, therefore, known as equalizing connections. 

Re-e7itrancy of Windings. An armature winding which closes 
upon itself, i, e., returns to its beginning, is kno^Ti as a closed-coil 
armature \^nnding, and since such a winding re-enters itself it is 
called re-entrant 

Armature windings may be singly, doubly y or rmdtiply re-entrant. 
A single re-entrant winding is one in which the whole winding must 
1^ traced through before it closes upon itself or before the first in- 
ductor is re-entered. Fig. Ill illustrates a singly re-entrant ring 
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winding, while Figs. 130 and 135 illustrate, respectively, singly 
re-entrant lap and wave drum v/indings. In the case of Kg. 131, 
tracing through the winding shows that every inductor must be 
passed through after starting from 1, going thence to 512 to 5 to 5^, 
etc., before 1 is reached again. While in case of Kg. 136, after start- 
ing from 1 the winding passes to 12, then to J^7 to 32 y etc., all inductors 
being connected before 1 is re-entered. Hence, as per definition, 
these windings. are singly re-entrant. 

A dovbly re-entrant armature winding is one in which after 
tracing through the consecutive inductors, in order of winding, only 
half of the winding is passed through before the starting inductor 
is re-entered; the other half of the winding is of the same character. 

A doubly re-entrant lap winding is 
shown in Fig. 132, wherein it may be 
noted that in tracing through inductors 
in the order of connection, i-5-J7-4-^5, 
etc., only one-half of the inductors are 
connected before 1 is re-entered. In the 
same manner Fig. 137 illustrates a doubly 
re-entrant wave winding, because in this 
example we find upon tracing the winding 

in Older of connection, 1-12-2 1-32-41, ^i^l^^^i^iZli^S^ntv^''^^' 

etc., that only half the inductors on the 

core are encountered before the first is again reached. 

A triply re-entrant winding, similarly, is one which connects 
together only one-third the total number of the inductors on the 
core before re-entering the starting one, thus two-thirds still remain 
to be connected up in a like manner. 

In tracing through the successive inductors of an armature 
winding, in order of connection, one may pass around the core once, 
twice, or any number of times before closing or re-entering the wind- 
ing. The number of times one thus passes around the core before 
closing the winding has nothing to do with the degree of re-entrancy. 
For example, the winding illustrated in Fig. 119 is only singly re- 
entrant, yet we pass around the core twenty-three times before 
all the inductors are connected, the closing of the winding at 1 not 
occurring until after this number of travels around the core. The 
order of re-entrancy of windings may be predetermined by means of 




107 



98 DIRECT-CURRENT DYNAMOS 

formulas for the winding pitch, an example of which is given upon 
pages 101 and 103. 

Multiplex Windings. An armature may be wound with two 
or more independent windings, each of which may be singly re- 
entrant, as shown in Fig. 120. These two windings might be fur- 
nished with two independent commutators situated at each end of 
the armature; but usually there is one with the number of its seg- 
ments doubled, the two sets of bars being alternated between one 
another. In this case the brushes must be made broad enough to 
overlap at least two and one-half commutator bars, so as to collect 
current from both windings simultaneously. Such a winding is 
known as a duplex singly re-entrant winding. Triplex-wound arma* 




Fig. 120. Duplex Winding Conmsting of 
Two Singly Re-entrant Ring Windings 

lures have three independent windings, with three sets of commutator 
bars similarly arranged. It is, of course, possible to have duplex 
doubly re-entrant windings, and so on. 

The advantage of multiplex windings is that sparking at the 
brushes may be considerably lessened as the reactance voltage is 
much less and there is a longer brush-resistance path. Hence, 
multiplex windings may be used in machines intended to supply 
large currents at small voltages, such as generators for electrolytic 
work. 

Drum Windings. The characteristic feature of drum windings 
is that the conductors are arranged only on the circumference and 
the sides of the armature core. Starting out from the conmiutator 
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any one element proceeds along the armature core to the back end 
and thence across the same to another part of the core, returning to 
another commutator bar. It is evident that both parts of the coil 
cannot be under the same pole because 
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Fig. 124. Diagram of 
Lap Winding 



Upon examination of Fig. 121 it is seen that as a winding starts 
out under a north pole it proceeds to the adjacent south pole and 
then returns under influence of the north pole at which it originated. 
This arrangement of inductors is called a lap vrinding, Tlie wind- 
ing illustrated in Fig. 123 after leaving the 
south pole does not return to the north 
pole from which it started but advances to 
the next north pole and would thus proceed 
around the core passing successively under 
each pole. This arrangement is called a 
wave winding. 

We can then define a lap winding as one 
in which the conductors are so connected 
with each other as to form loops. Starting 
from one commutator bar the winding passes 
successively under adjacent poles and returns to the commutator 
section next to the one from which it started, Fig. 124. 

A wave winding is one in which the winding advances contin- 
ually in one direction, successively passing under each pole and 
each coil connected to a commutator section which is at a consider- 
able distance from that at which the winding started, Pig. 126. 

Just as in ring windings we may have several turns in series 
per coil to increase the e. m. f. of the coil or we may place several 
turns in parallel to increase the current-carrying capacity. 

Lap Windings. Let us now consider a 
simple lap winding as is shown in Fig. 126. 
Following through this winding and starting 
at segment a, we pass along conductor 1 to 
the rear of the armature, then by an end 
•connection skip over to conductor 6, which 
leads tocommutator bar h. This commutator 
bar is then connected to conductor 3 which 
leads to the rear, and is there connected to S, 
which in turn is connected to bar c. Follow- 
ing on in this manner to bar h by conductor 2, 
and from here via conductor 15, we finally reach bar a through 4, thus 
closing the winding on itself without traversing each conductor more 
than once, thus forming a simplex lap winding. 




Fig. 125. Diacfram of 
Wave Winding 
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The winding elements are thus a-1-6-b,b-3-8-c,cS-10-d, etc., to 
h-lS-4-a. Calling the interval between the conductors connected at the 
rear of the armature the back pitch, y^, and the interval between 
those connected together at the front end the frovl pitch, y^. we see 
that for this winding, y^= +5; and i/^ = — 3. The average pitch, 
being half Uie arithmetical sum of the front and back pitches, is 
Job = 4; while the resultant pitch is y^ = + 2, being the algebraic 
sum of the front and back pitches. The resultant pitch is the num- 
ber of inductors passed over from the beginning of one element to 
the beginning of the next 



He. 126. DevalopDMDt of Simplsi L>p Wladinc uid Windias Tibls 

If we divide the resultant pitch by the number of inductors 
in series per element, which in the case just considered is 2, we obtain 
the commutator pitch y^ which is the number of commutator bars 
between the beginning of one element and the beginning of the 
next element connected to the first. Thus 



The product being 1 shows that the winding is connected suc- 
cessively to each commutator bar and that it must be singly re-entrant, 
as it can proceed around the commutator once only before closing 
upon itself. If the product had been 2, it would show that the wind ■ 
ing was connected to alternate bars and would have to proceed twice 
around the core before closing and would, therefore, be doubly re- 
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entrant. If we let U be the number of times the winding must be 
re-entered before finally including all inductors, we have 

yr_ = Vh + yj ^Tj 
2 2 

when U may be any whole number. 

There Ls also the condition that no conductor shall be encoun- 
tered twice. It is evident in lap windings that the front and back 
pitches cannot be the same, as we would come back to the con- 







Fig. 127. 



Fig. 128. 



Diagrams of Lap Winding 



ductor from which we started. Further, it is necessary that the 
resultant pitch be an even number, for from the equation 



resultant pitch 



number of inductors per element 



= commutator pitch 



it can be seen that since the number of inductors per element is even, 
to make the commutator pitch a whole number, the resultant pitch 
must be even. This is shown diagrammatically in Fig. 127. Fig. 
128 shows that y^ and y/ must both be odd, since with even values 
we will encounter the same inductor twice. 

We can now take up the general equations which consider the 
number of inductors upon the armatures. The characteristic feature 
of a simplex lap winding is that there are as many parallel paths 
through the armature as there are poles, twice as many if it is duplex, 
and so on. It is, therefore, often known as a paraUel-grouped or 
muliiple-^rcuit winding. A duplex winding is essentially nothing 
but two separate simplex windings, and our formulas will, therefore, 



112 



CALCULATIONS 103 

apply only to simplex windings. If p represents the number of pairs 
of poles, Z the total number of inductors upon the armature, and / 
an integer, then 

»-[(Z±/)+2p]±2?. (23) 

!(.-(Z±/)+2p (24) 
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We can now consider a few applications of the formulas to lap 
windings. Fig. 129 shows a bipolar simple lap winding with 30 
inductors. We have then N = 30, 2p = 2, y^.- 1, hence 

30 ±/ ^^ 30±/ 

y/ — 2"^ y^* — 2 

In this particular case / = 0, and hence 

y,= 17,orl3 y. = -15 - 

The values jy = 13 and y^ = — 15 have been chbsen and it 
will be seen that there are two parallel connected circuits leading 
from brush to brush as follows: 

8'23-6-2U4'19-2'17S0'16'28'13-26'll 




9-24 




Brush 
II 



2S-10-27'12'29-14-l'16'S-18'6-20'7-22 



Had the values y^ = 17 and yt = *" 15 been taken, the winding 
would have been much the same except that it would require more 
wire for the front connections. 

If we had taken the values ± 2 for / it would be seen that the 
values of t/f and y^ would be even, which is, as we have seen, im- 
possible. The value / = ± 4 is, however, possible, giving the values 

t//= 15 or 19 y^= 17 

or 

y,= llorl5 y,= 13 

depending upon whether the + or the — sign has been used. 

We said before that the front and back pitches should be ap- 
proximately equal to the pole pitch I k- ) in order that conductors 

moving simultaneously under poles of opposite polarity should 
have their generated e. m. f.'s additive. The smallest pitch meeting 
this condition would stretch completely across a pole-face, while 
the largest would stretch from the given pole-tip to the next pole-tip 
of like polarity. When the pitch is considerably smaller than the 
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pole pitch we have what is known as a chord winding or a winding 
with shortened pitch. It will be obtained if the value for/ is increased. 

Such a winding is shown in Fig. 130 where N^ = 28, 2p = 2, 
and / = — S. We have then y/ = + 9 and y^= — U. 

It can readily be seen that whatever currents are flowing in the 
short-circuited turns will be in opposite directions, so that the mag- 
netic effects produced will be opposed and the resultant zero. Thus 
a winding with shortened pitch tends to reduce armature reaction. 
The disadvantage of the winding is that the two conductors of any 




Choid Wmdiog wl 'h Thirty Induolon ' 



section are not both passing into a commutating field at the same 
time, so for thb reason it is not suitable for handling large outputs 
of current. 

On the following pages will be found examples of windings in 
common use. In the illustrations, the short, radial, numbered lines 
represent the conductors; the crossed lines outside of the circle of 
conductors represent the connections at the back end of the arma- 
ture; and the crossed lines between the circle of conductors and the 
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commutator at the center, represent the connections at the front end 
of the armature. For the sake of simplicity, only a few conductors 
are shown in these examples; and it should be noted that in actual 
designs, their number Z attains a much greater value. 

Fig. 131 represents a six-pole drum simplex or singly re-entrant 
lap winding, with 60 conductors, a front pitch of —11, and a back 
pitch of +9. In this particular case the general progression of the 



Kg. 131. Bii-Pola Dnuj Singly B(F.eDtrBnt Lap Winding 

Winding is around the drum in an anti-ctockwise direction, and on 
thb account it is sometimes called a retrogressive winding to dis- 
tinguish it from a clockwise, or progressive, winding. The winding 
here shown has a commutator pitch of —1, and there are six paths 
in parallel through the armature, necessitating six brush sets unless 
the winding or commutator is cross-connected. 
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Pig. 132 shows a six-pole drum duplex doubly re-entrant lap 
winding composed of 60 inductors with a front pitch of —11, a back 
pitch of -H7, a commutator pitch of —2, and 12 paths in parallel 
through the armature. This winding is also retrogressive, and com- 
posed of two complete but distinct simplex singly re-entrant lap 
windings, each having 30 inductors. One set is represented by the 
full lines, the other by the broken lines, their respective commutator 



Els. 132. Sii-Palo Doubly Rc-«ntruiC Lap Windinc 



segments being unshaded and shaded. It should be noted that with 
B duplex or any other multiplex winding, the brushes must be wide 
enough to cover at least as many segments as there are windings. 
Here the brushes cover two segments. 

Fig. 133 represents a four-pole drum simplex doubly re-entrant 
lap winding having 34 inductors. In this case the front pitch is +9, 
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the back pitch is —5, and the commutator pitch is +2, while there 
are 8 paths in parallel through the armature. Four brushes only are 
required, and inspection shows this to be a progressive winding. 

Summarizing, a lap winding must comply with the following 
conditions : 

(a) All winding elements must b« mmilar mechanically and electric- 
ally, and must be symmetrically placed upon the amtature. 



\ / 



/ 



FiR. U3. Pour-Pole Drum Doubly R«-eDtraat Lap WiatUns 

(6) In 8 simplex winding, every inductor must be passed over once 
only, and the winding must close upon itself, or be re-entrant. 
• (c) If the winding is re-entrant it must finally close upon itself. 

(d) In a multiplex winding, each simplex element must comply with 
condition (e). 

(e) In a two-layer winding, that is, one where the conductors are placed 
one on top of another in a slot, it is usual to pve the upper ones odd num- 
bers, and the lower ones even numbers, or conversely. 
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(/) Front and back pitches must be opposite in sign. 

(f) The front &ad back pitches must be unequal, otherwise the coil 
would be short-circuited upon itself. 

(ft) Id a simplex lap winding, the front and back pitches differ by 2; 
that ieyi,- yb± 2. 

(i) In a multiplex lap winding, the front and back pitches differ by 
2x, where x is the number of component simplex windings. 

(j) Z may be any even number; and in slotted armatures, it must aUo 
be a multiple of the number of slots; the latter may be even or odd. 

Further, there must be as many circuits through the armature 
as there are poles and there will, therefore, be as many brush sets 
as there are poles, unless the winding ts cross-connected as already 
explained. 
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Wave Windings. The winding illustrated in Fig. 134 b called 
a simplex tuave windimj. Starting at bar a, we pass along conductor 
1 to the back of (he armature, thence by a connector to conductor 
6, and then ahead to bar /. From here we follow along conductor 
11, and then 16 to c, whence we are led along 3 and 8 to g. Following 
through the complete winding, we arrive at bar a by way ot con- 
ductor 1^, after having traversed each conductor once. Thus the 
winding closes upon itself after passing through Z -i- 2 winding 
dements. 

For this winding, then, we have 



»/ = 



y. = H-5; 



+ 5; 



+ 10 
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The equations for wave and series windings are as follows: 

Z±2 



yr=yt+yi, 



V 



and since jRT = — 



y*= 



K±\ 



It is evident that y^ must be an even number, and as there are 




Fig. 135. Six-Pole Drum Simplex Wave Windinc 

two inductors per element, the odd inductors will lead from the 
commutator to the rear of the annature core, while the even num- 
bered are connected in the reverse order, or the converse may be 
the order of connection. So that in advancing from the beginning of 
one element we must pass over an even number of inductors to arrive 
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at the beginning of the next element in order that both initial inductors 
may proceed in the same direction. Further jy and y^ must both 
have the same sign and must both be odd numbers. This follows 
from the fact that if y^ and y^ were both even only alternate inductors 
would be reached. It is possible for jy and y^ to either be equal or 
different from each other but generally they will be equal. 

There are in series drum windings two parallel paths and accord- 
ingly two points on the commutator for the collection of current. 
But as pointed out under ring windings there may be as many brush 
sets as there are poles. 

Fig. 135 illustrates a six-pole drum simplex wave-winding with 
52 inductors. Applying the formulas we have 

52 ± 2 ,^ 

We have taken the value +2, as the application of the minus 
sign gives an impossible value for y^. We can now make y/= yt,=^ 
+ 9 

The winding has two paths in parallel through the armature as 
follows: 

15-6-49-40^1-Se'lS'4-47'S8'29'S0. 
1UZ-4B- 

(short-drcuitcd) 




Brush 
II 



10'19-28'S7'46^-12-21'S0'S9-48^- 

14'23'S2-41'5(yr'16'2B'34-43'^2^ 

Further, as stated before, only two brush sets are required as 
indicated. The locations of the other brush sets, which may be 
added if large currents are to be collected, are indicated in outline. 

The chief differences between lap and wave windings are as 
follows: A simple (simplex) lap winding gives as many circuits 
through the armature as there are poles, whence it is similar to a 
parallel-wound ring armature. On the other hand, a simplex wave 
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winding always gives 2 paths through the armature, irrespective 
of the number of poles. 

It is seen, therefore, from the fundamental formula tor the e. m. f. 
of a dynamo, that, for a given number of annature inductors, a wave 
winding will give a higher voltage than a lap winding in a multipolar 
field. The latter, however, will give a greater number of paths in 
parallel throu^ the annature, thus increasing its current capacity. 



Fig. IBS. ^-Fole Drum Simpler Siaily Reentrant Wave WiDding 

Fig. 136 illustrates a six-pole drum simplex singly re-entrant 
wave winding of 62 inductors. It has a front pitch of +11, and a 
back pitch of +9, that is, the front and back pitches are unequal, 
giving an average pitch of 10, and also a commutator pitch of JO, 
This winding has two paths in parallel through the armature, so 
that only two brush sets are required. 
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Fig. 137 represents a six-pole duplex doubly re-entrant wave 
winding, consisting of 64 inductors, having a front pitch of + 9, 
a back-pitcb of + 11, and a commutator pitch of 10. The average 
pitch is 10, and there are four paths in parallel through the annature. 
Nevertheless, only two brushes are required to collect the current, 
although others may be added as indicated, if desired. It consists 
of two complete simplex singly re-entrant wave windings; hence its 
appellation, duplex. 



Fin, 137. Sii-Pols Doubly Re-cotrnat Wavs Wiudlnc 

In Fig. 138 we have a six-pole drum duplex wave winding, 
with a back pitch of 11, a front pitch of 9, an average pitch of 10 
and a commutator pitch of 10. It has two paths in parallel 
through the armature; and although only two brushes are required, 
six sets may be used if desired, as indicated. It is a progressive 
winding. 
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Summarizing, wave windings must comply with conditions 
a, b, c, d, and e, as noted under lap windings on page 108, and also 
with the following: 

(k) Front and back pitches must be alike in sign. 

(l) Front and back pitches may be equal, or differ by any multiple 
of two. Usually they are both equal nearly to Z^-p, although one may be 
less, and the other greater. 

(m) Front and back pitches must both be odd. 

In Table X is given a resume of the formulas for armature 
windings. Some of the types included have not been taken up in the 




Fig. 138. Six-Pole Drum Duplex Wave Winding 

text, but they have been added in case the student desires to go deeper 
into the subject. 

Length of Armature Winding. The length of wire in an armature 
winding depends upon the particular type of winding employed. 
Determination of this length is necessary in the design of dynamo- 
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mil foot, and the resistance of a square mil foot of copper wire at 
20° C. is 10.35 X 0.7854 = 8.15 ohms, or at 0° C. it is 9.56 X 
0.7854 = 7.5 ohms. 

The resistance of any copper conductor, the cross-section of 

which b given in circular mils, is at 20° C. equal to — '--p , where 

I is the length of the conductor in feet, and cf is the cross-section 
in circular mils, that is, the square of the diameter in mils. 

Example. 1,200 feet of copper wire 0.1 inch (100 mils) in diameter 
10 required for a certain six-circuit armature winding. Substituting in the 

pi 
equation, ^a**3~» ^^ have for the resistance of the armature 

cr 8 

10 .35X1 ,200 ^^o^c u *oAor- 
"^^ " 36X10,000 = ^'^^^ ""^"^ *^ ^ ^• 

Armature Losses. The losses in the armature may be divided 
into those due to the resistance of its winding, and those due to the 
hysteresis and eddy currents in its iron core.* 

Under the preceding heading, a method of finding the resistance 
of the armature winding was given; hence the copper loss m the 
armature due to the resistance of its winding is 

'w^'-Ilr, (27) 

For calculating the hysteresis loss w^ in the armature, we may 
use the formula and curves ^ven on page 21, or may refer to a curve 
obtained by test upon the iron to be used. Similarly, the eddy-current 
loss w^ may be computed from the formula given on page 22, or from 
the graphs of Fig. 18. The total iron loss in the armature is, there- 
fore, 

Wt=w^+w^ (28) 

It is found, however, by tests upon actual machines, that the 
iron losses thus computed are considerably lower than the true values. 
This is no doubt due to unequal distribution of flux in the various 
parts of the magnetic circuit subject to a varying flux-density; also 
to the departure from the ideal conditions in the matter of dispersion 
and to the presence of wasteful currents in other parts of the ma- 



^Windage due to the rotation of the armature will (be dealt with under a later 
beading. 
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chine. Prof. J. Epstein* gives curves, Fig. 139, showing that the 
calculated losses of a machine based on any of the heretofore standard 
data would be low; hence the actual commercial efficiency is lower 
than the computed. 

In addition to the calculated iron and copper losses, there may 
be a loss in the armature conductors due to eddv currents, and 
another loss if for any reason the current does not distribute itself 
evenly through the conductor. Also, if the division of current 
between the parallel circuits of the armature winding is not uniform, 
and equalizing connections are not provided, an additional loss 
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Fig. 139 ._ Standard Iron-Lo« Curves at 30 Cycles per Second. E — Prof. Epstein; H — Hobart 

Prof. Arnold, Die < 
Gleichstrom und Wechselstrom 



s per second, k — froi. c^s 
'Electric Motors;" A — Prof. Arnold, Die Uleicbstrommaschine; K— G. Kapp, 



results. These are so obscure as to bafQe computation and, as their 
value is small, they may be neglected. 

Heating of Armatures. The amount of heat which will be 
dissipated by a unit-surface of a moving armature depends upon: 

(1) Resistance, eddy-current, and hysteresis losses in the armature. 

(2) Heat-radiating surface of the armature. 

(3) Peripheral speed of the armature. 

(4) Proportion, within limits, of the ratio of the radiating surface to 
polar surface. 

(5) Temperature of the radiating surface. 

^Proceedings of the Institution of Electrical Engineers of Great Britain. Nov. ii. 1906. 



129 



120 



DIRECT-CURRENT DYNAMOS 



The first of these is dependent upon the internal actions of the 
armature, and represents the total heat which must be dissipated. 

The surface exposed to the cooling action of the air is somewhat 
indefinite, but in most cases the total peripheral surface of the arma- 
ture is assumed as radiating surface, and to this may be added one-half 
the surface of the ends of the armature. 

As the peripheral speed of the armature becomes greater, it is 
found that the radiating capability of its surface increases, though 
not in direct proportion. 
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A. H. and C. E. Timmerman* found bv actual test that the 
effect of pole-faces above a surface is to interfere with the radiation 
of heat. As the proportion of surface covered by the pole-faces 
became larger, the amount of heat radiated per degree rise in tem- 
perature became less. They also found that elevation in tem- 
perature of a surface caused an increase in the radiation of heat per 
degree rise in temperature, but that this rate diminished as the 
temperature rose. 

♦Transactions of the American Institute of Electrical Engineers, Vol. X. 1893. 
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Various formulas may be given for estimating the ultimate 
rise in temperature of armatures; but as most of them are empirical 
and clumsy, the curves of Fig. 140 have been substituted. With 
their aid, we may determine the temperature-rise in degrees centi- 
grade of an armature at any usual peripheral speed, if we know the 
total radiating surface and the total armature losses. 

Example. In a 480-kilowatt generator, the heat-radiating surface of 
the armature was computed to be about 5,000 square inches, while total 
losses in the armature were found to be 12,330 watts by calculation. Hence 
the watts wasted per square inch of heat-radiating surface are 12,330 -s- 5,000 
= 2.46. 

As the peripheral speed of the armature in this instance was 4,500 feet 
per minute, we see, by reference to the curves of Fig. 140, that there will be a 
rise of 19** C. for each watt per square inch. Hence the temperature-rise of 
this armature will be approximately 

^„ = 2.46X19 = 47°C. 

Commutator and Brush Calculations. Commutators for con- 
tinuous-current machines may be divided into two classes, depending 
upon whether they are for open or closed-coil armature windings. In 
the former, a special case used for arc-lighting generators, the com- 
mutator has a small number of segments separated from each other 
by an air gap, and each covering a considerable angle. With closed- 
coil windings, ordinarily used for direct-current lighting and power, 
in which case the terminal voltage is kept comparatively constant 
— in contradistinction to series arc-lighting machines, for which the 
current is constant — the commutator is of the original Pacinotti type, 
that is, consisting of a considerable number of parallel bars or seg- 
ments separated by strips of insulation, usually mica. In both 
cases the completed commutator presents a cylindrical surface against 

which the brushes press. 

Number of Segments. The number of segments depends upon 

the number of sections of the winding, as shown on page 90. We 
have also seen, page 53, that increasing the number of commutator 
segments reduces the tendency to spark at the brushes. This in- 
crease is limited, however, by the matter of cost, and by the fact that 
the number of sections in a drum-wound armature can never exceed 
one-half the number of inductors, while, in a ring-wound armatrre, 
the number of sections can never be greater than the number of 
inductors. 
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TABLE XI 
Voltage and Number of Segments 



For Macbinbs Working at 


Average Volts per Average Segments per Pole 
Segment = e^. or Circuit 


500 to 650 volts 
200 to 250 volts 
100 to 130 volts 


5 to 12 
3 to 8 
2 to 4 


40 to 150 or more 
25 to 75 
20 to 50 



The proper number of segments is, therefore, determined by the 
winding of the armature, which depends upon the voltage and output 
of the machine. If by experience the suitable number of average 
volts per segment ^^ of the commutator be known, then /T, the 
number of segments, may be readily computed from the following 
formula 

A'= Ec -5- e^ (29) 

Experience shows that the values of e^ indicated in Table XI, may 
be chosen, although the matter is influenced by the current to be 
collected. If the latter be less than 100 amperes, then the value 
of Cf, may be increased, but in no case should it exceed 25 volts. 

Arnold has given the rule that the number of cammtdaior seg^ 
merits must rwter he less than from 0,037 to O.O4 times the produx;t 
of the number of armature inductors irvto the square root of the current 
carried by one circuit of the armature. This rule is an empirical 
one based on observations with regard to sparking; nevertheless it 
has been found that good machines were built in which the constant 
was slightly less than 0.037. 

Example. A 1,000-kilowatt generator having 16 paths in parallel 
through its armature produced 500 volts at its terminals. The number of 
armature conductors was 2,304. Hence, a ccording to Arnold's rule, K must 
not be less than 0.037X2,304 |/2,000-hl6 = 956. As a matter of fact, 1,152 
segments were taken for this machine, making the number of segments equal 
to one-half the number of conductors. 

Size of Commutator. The size of the commutator depends 
upon the number of segments, their thickness and that of the insula- 
tion between them, and the length of the segments parallel to the 
shaft. The diameter is limited by the peripheral speed allowable. 
The length depends upon the amount of current to be collected, a 
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density of 40 amperes per square inch being as much as should be 
allowed for the contact area between a carbon brush and the bar. 
Bars are rarely ever thinner than 0.2 inch, or with insulation say 
0.25 inch, and the peripheral speed of a commutator seldom exceeds 
2,500 feet per minute; so that by keeping within these limits good 
results may be expected. A favorite size for commutator diameters 
is f that of the armature diameter, which serves as another guide. 

Commutator Losses* The losses which the commutator surface 
muist take care of may be divided into those arising from the resist- 
ance, or more properly the voltage drop, of the brush contact, and 
from the friction of the brushes against the rotating commutator. 
The former depends mainly upon the following factors: 

(1) Material of the brushes. 

(2) Pressure of the brushes upon the commutator. 

(3) Peripheral speed of the commutator. 

(4) Current-density in the brush. 

(5) Condition of commutator and brushes. 
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Fig. 141. Curves Showing Average Brush Drop and Contact 

Resistance at Various Current-Densities for Several 

Standard Grades of Carbon and Graphite Brushes 

The loss due to friction of the brushes upon the commutator 
varies with: 

(1) Pressure of the brushes. 

(2) Peripheral speed of the commutator. 

(3) Coefficient of friction between commutator and brushes. 

Rg. 141 shows the effect of various current-densities. Fig. 142 
shows how the pressure of the brushes affects the voltage-drop; while 
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Fig. 143 indicates the effect of peripheral speed of the coininutat:5r 
upon this drop, if \ye divide the watts loss by the amperes per square 
inch of brush contact; Fig. 141 also illustrates the relation between 
the current density in the brush and the voltage-drop across both 
positive and negative brushes. The influence of the condition of 
the commutator and brushes upon contact resistance cannot be 
stated exacdy; but it is a fact that if either be in bad condition, the 
losses at the commutator may be increased many fold. 

Multiplying the volts drop, obtained from Fig. 141, by the 
current per brush set, we obtain the energy loss due to brush-contact 
resistance. For example, if we design the brushes so that the current- 
density in them is 35 amperes per square inch at rated load, we have 
a drop over the contact surfaces of both positive and negative brushes 




Q no glo alo ^jQ sto elo 7lQ alo ao n oo 
Ampered per Square Irich of Brush Contact 

Fig. 142. Curves Showing Average Brush Drop with 
Various Brush Tensions and Current Densii'.ss 

of 1.35 volts; and multiplying the total current output by 1.35 gives 

the watts lost. 

Example. In a 100-kilowatt machine of one of the large manufactur- 
ing companies, the current collected by the brushes amounted to 415 amperes. 
If the current-density in the brushes had been 35 amperes per square inch, 
the loss due to contact resistance would have been 

1.35X415 = 560 watts 

The variation of friction losses, which the surface of the commu- 
tator must radiate as heat, with peripheral speed of the commutator 
at various pressures, is shown graphically in Fig. 143, while the de- 
pendence of the coefficient of friction upon the commutator peripheral 
speed is indicated by Fig. 144 for carbon brushes in good condition. 
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To compute the watts lost through brush friction, multiply the 
total area of brush contact by the stress, i. e., the pressure per unit 
area, to get the total pressure in pounds. Then multiply this value 
by the coefficient of friction and peripheral speed in feet per minute 
of the commutator, which gives the losses in foot-pounds per minute. 




ReTipheTQl 5p«cdofCoTTmiutatoT in Feet per Min. 



Fig. 143. Curves Showing Average Friction Loss per Square 
Inch of Brush Contact at Various Speeds and Brush Tensions 

Dividing by 33,000 changes this value into horse-power, and multi- 
plying by 746 converts the result thus obtained into watts. 




«K)00 



Peripheral Speed of Commutalor in rt.p«rMin 



Fig. 144. Curves Showing Average Coefficient of Friction 
and Brush-Friction Loss for Different Grades of Brushes 
at Various Commutator Speeds, with Brush Tension of 
1 lb. per Square Inch 

Example. Taking the same machine as just above mentioned, let us 
assume the brush pressure as 1.5 pounds per square inch, the total brush 
area as 23.7 sq. in., the peripheral speed of the commutator as 2,500 feet per 
minute, and the coefficient of friction as 0.27. We have the friction loss: 

23.7X1.5X0.27X2,500X746 -^33,000 = 543 watts (nearly) 
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Commutator Heating. The final temperature which the com- 
mutator surface will attain depends upon the total losses to be radiated 
by it and the radiating surface, together with the peiipber^ speed. 
According to tests made by Prof. E. Arnold, the final rise in tem- 
perature of the commutator in degrees centigrade will be 

46.5 Xu'^ ._.. 

*'*"^(1 +0.005 r,) ^^' 

in which w^ represents the total commutator losses, electrical and 
mechanical, in watts; A^ represents the radiating surface of the 
commutator in square inches; and v^ represents the peripheral speed 
of the commutator in feet per minute. 

According to Parshall and Hobart, the rise in temperature of 
the commutator will seldom exceed 20° C. with one watt per square 
inch of peripheral radiating surface at a peripheral speed of 2,500 feet 



per minute, a figure which may be much improved upon with ven- 
tilated armatures. 

Number and Size of Brushes. The total number of brush sets 
is usually fixed by the type of armature winding, as previously stated; 
but this criterion gives us no clew to the number of brushes per set. 
In all but the smallest machines, it is usual to place at least two brushes 
exactly similar, side by side — Fig. 145 shows four — instead of one 
broad brush, thus allowing one brush to be removed for trimming or 
renewal while the machine is running. The contact between the 
brushes and the commutator is made much better by this subdivision, 
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TABLB XII 
Standard Sizes of Carbon Brushes 



II 



I 5 I 



^ 



2iX2iX » 
2iX2iX i 
2*X2iXl 
2^X2 X i 
2iX2}X i 
2JX2iX 1 
2JX2iX 1 
2JX2JX1 



3X1 X 

3X1 X 

3X1 X 

3X1 XI 

3XUX 

3X1*X 

3X1*X 

3XUX1 

3X2 X 

3X2 

3X2 

3X2 

3X3 

3X3 

3X3 

3X3 



X 

X 

XI 

X 

X 

X 

XI 



4 



s s 



s a 




3iXl 

3iXl 

3iXl 

3* XI 

3iX2 

3*X2 

3iX2 

3JX2 

3iX3 

3JX3 

3iX3 

3iX3 

3i X3* X 

3J X34 X 



X 1 
X i 
X 1 
XI 
X J 
X J 
X i 
XI 
X i 
X i 
X I 
XI 

i 



4X1 
4X1 
4X1 
4X1 



X i 
X i 
X I 
XI 



3iX3iX I 

3JX34X1 

3iX3iXl* 



4XliX i 
4X1JX i 
4XUX i 
4X1JX1 
4X2 X i 
4X2 X i 
4X2 Xl| 




5 Ti 

3 t 



^ ^ 



5X1 X i 
6XUX i 
5XUX i 
6X1*X I 
6X1* XI 
5XUXli 
6X2 XI 
6X2 XU 
6X2JX i 
6X2JX h 
6X2iXl 



exiix i 

6XUX I 

exiixi 

6X1JX11 
6XUX1* 
6X2 X i 
6X2iX I 




7XUX I 
7X2 X « 
7X2tX « 
7X2JX i 
7X2IX I 
7X2JX I 
7X21X I 
7X2iX I 
7X2JX f 
7X21X i 
7X2iXl 
7X2iXli 



for a slight inequality at one point of the latter may slightly raise 
one brush of a set at each revolution, without niuch hann, while 
with one broad brush, the entire brush would be lifted, causing bad 
sparking. Subdivision of the brush also tends to equalize the wear 
upon the commutator, each brush being separately held against the 
commutator, and the gap between two adjacent brushes of the same 
set being bridged by the brushes of the other set or sets. The num- 
ber of individual brushes in each group depends upon the current 
capacity, the size of the machine, and the judgment of the designer, 
and varies from two to eight or more. 

The proper thickness for carbon brushes cannot be stated defi- 
nitely, but they are usually made to span 2 to 2^ bars in the case of 
armatures having simplex windings. For armatures with duplex 
and triplex windings, thicker brushes must necessarily be used. 
It is usual to have metal brushes span about IJ commutator bars. 

Table XII gives standard sizes of carbon brushes employed 
by most manufacturing companies; and in designing a generator 
or motor, it is best to select one of these sizes that most closely ap- 
proximates the requirements. 
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Heating of Carbon Brushes. Fig. 146 gives the variation of the 
temperature-rise of two well-known grades of carbon brushes with 
increase in the current-density employed. The room temperature 
at the time of the test was about 24° C, so that the values on the 
curves represent final or total temperatures. It is, therefore, neces- 
sary to deduct 24 from the values given by these curves in order to 
realize the actual temperature-rise. 




Amperes per Square Inch of Brush Contact 



Fig. 146. Average Temperature Curves of Standard Grades 
of Carbon or Graphite Brushes 

CALCULATIONS OF MECHANICAL PARTS 

The usual practice is to have the magnet yoke of a generator 
or motor serve as a frame for all the remaining parts, except in larger 
sizes, for which independent bearings are used. The strength of 
the material used in the field-ring is great, and as its bulk is large 
in comparison with the load sustained, it is rarely that mechanical 
calculations are made. However, in the case of the armature shaft, 
the arms or spokes for the spider, and the bearings, calculations 
are necessary. 

Armature Shafts. The shafts of armatures are usually made of 
mild steel; and for their design, reference may be made either to 
standard works on machine design or to the following formulas 
based on the usual methods employed in that class of work, and 
modified to meet the requirements of electrical machinery. Shafts 
for the latter are generally made somewhat larger than for other 
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machines, on account of the magnetic pull which comes upon the 
shaft when the armature is even slightly out of center of the poles, 
as already noted. 

The diameter of that portion of the shaft within the armature 
core, Fig. 147, may be found from the expression 



=k4 



w 



r. p. m. 



(31) 



in which 

d^ = Shaft diameter within the core, in inches; 
fci = A constant depending upon the output of the machine 
as given in Table XIII; 

W = Output of the machine in watts. 




Fig. 147. Armature Shaft 



TABLE XIII 

Value of Constant In Pormula for Diameter of Core 

Portion of Shaft 



Gapacxtt of Machine (in Kilowatts) 


Value of k^ 


Up to 1 kilowatt 


'. 1 


1- 5 


1.1 


5- 10 


1.2 


10- 60 


1.3 


50- 100 


1.4 


100- 200 


1.5 


200- 500 


1.6 


500-1,000 


1.7 


1,000-2,000 


1.8 



The shaft diameter in the bearing or journal may be computed 
from the formula 



db = K VW 



-y r. p. m. 



(32) 
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TABLB XIV 
Value of Constant la Pormuta for Diameter of Shaft In Bearlof 



TiPE OF ASMATDH. 


V*LO« OF *j 




O.OO2S 

0.003 
0.004 
0.005 











in which d^, = diameter of the shaft in the bearing; and k^ = a con- 
stant depending upon the speed (see Table XIV). The length of 
the shaft in bearings 4 ^'a^ie3 from 2 to 4 times the diameter, de- 
pending upon the speed, the lower value being for a speed of 200 
r. p. m. and the higher for about 1,200 r. p. m. 

Armature Spider Spokes. Drum armatures in which the core 
consists of a ring of iron supported by means of a skeleton pulley or 




spider attached to the shaft, the winding being placed in slots in the 
circumference of the core, are called ring-core armatures to distin- 
guish them from ring-wouTid armatures such as shown in Fig. 45. 
Fig, 148 represents a ring-core, drum-wound armature in process 
of construction. In both eases the driving of the armature is effected 
by a number of spokes which, respectively, form part of the spider 
itself (Fig. 149) or of a separate frame keyed to the skeleton pulley 
(Fig. 150). The spokes are usually elliptical in cross-section, and 
are generally made of cast iron or steel. They should be designed 
adequately to support and drive the armature. 
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Armature Binding Wires. In the case of toothed armatures, 
the conductors must be held in the slots. For this purpose it is 
customary to use wedges driven in under the tops of the teeth, or, 
in the case of straight teeth, to use a number of external bands known 
as binding wires. These must be strong enough to resist the cen- 
trifugal forces, and yet at the same time occupy very little radial 
depth, that they may not interfere with the clearance between the 
armature and the pole-faces. The almost invariable practice is to 
use a tinned wire of hard-drawn brass, phosphor-bronze, or steel, 
which, after winding, can be sweated together into a solid band. 
The ultimate tensile strength of phosphor-bronze is from 65,000 to 
120,000 pounds per square inch, while that of steel wire varies 
from 120,000 to 250,000 pounds per square inch, the larger figures 
relating to the smaller sizes of wire. 

To estimate the proper size and number of binding wires re- 
quired, we have that if d be the diameter (in inches) of the circular 
path described by a mass of weight W^ pounds, the centrifugal force 
will be = 0.0000143 XdXw Xr. p.m.^ pounds weight. So that if 
we assume a value of 100,000 pounds per square inch as the maximum 
allowable tensile stress in steel or phosphor-bronze wire, and allow 
a safety factor of, say 10, the total section of binding wire required 
will be equal to 



or 



0.0000143 XlOXwXZ X d X T.p.m, 

7z X 100,000 



.-10 



4.55 XlO Xi^XZXdXr. p. m. square inches 

wherein w is the weight of one inductor and Z the number of in- 
ductors, consequently W^ will be equal to wZ. From this total 
necessary section and an appropriate wire table, the number of 
wires is then calculated, and they are then arranged in suitable belts. 

Example. Let u?=0.39 lb.; Z = l,536; d=62 in.; r. p. m. =150. The 
total necessary section computed by the above formula is 0.379 square inch. 
Referring to the wire gauge tables, we find that 148 wires of No. 15 B. & S. 
gauge will fulfil the conditions. These may be arranged as follows: 5 belts 
of 16 wires each over the core body, and 4 belts of 17 wires each over the 
extended ends of the winding (i. e., 2 belts of 17 wires each over each end). 

Under each belt of binding wires, it is usual to lay a band of 
insulation. These bands generally consist of two layers, first a thin 
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TABLE XV 
Value for Constant in Formula tor Length of Armature Bearing 



Capacity of Machine (in Kilowatts) 


Hiob-Speed Arma- 
tures 


Low-Speed Arma- 
tures 


Up to 5 kilowatts 


0.1 


0.15 


10 


0.1 


0.175 


" 60 " 


0.125 


0.200 


" 100 


0.150 


• 0.225 


600 


0.175 


0.250 


" 1,000 


0.200 


0.275 


" 2,000 " 


0.225 


0.300 



strip of vulcanized fiber or of hard red varnished paper slightly wider 
than the belt of wires, and then a strip of mica (in short pieces) of 
about equal width. Sometimes small straps of thin brass are laid 
under each belt of binding wires, having tags which can be turned 
over and soldered down to prevent the two ends of the binding wire 
from fljing out. 

Armature Bearings. Bearings for generators and motors should 
be very strong and rigid, with ample wearing surface, in order that 
the armature may not become materially displaced with respect to 
the poles as a result of magnetic attraction as well as weight, and 
also to prevent overheating of the journals. The following formula 
takes into account the increased generation of heat at higher pe- 
ripheral velocities, and also provides sufficient wearing material: 

/ft = ^3 X rfft V'r. p. m. (33) 

wherein 

Zft = Length of the bearing, in inches; 

df, = Diameter of the shaft in the bearing (from page 129) ; 

Atj = A constant dependent upon the speed of the armature (given 
in Table XV), 

Losses Due to Friction in Bearings and to Windage. These 
are very diflScult to predetermine with even reasonable accuracy. 
Designers usually estimate them from previous experience. For 
belt-driven machines ranging in speeds from 1,800 r. p. m. to 300 
r. p. m. and of capacity from 30 to 500 kw., these losses should range 
from 3 per cent of the output in the smaller machines to 1 per cent 
in the larger sizes. For direct-connected generators, this figure 
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ranges from 1 per cent to 0.4 per cent of the output, depending upon 
the size and speed, being lower for machines of this type on account 
of the lowered r. p. m. and the better alignment. 

Calculation of Efficiency. On page 63, eiBSciency was defined 
as the ratio between output and input of the machine. It may 
also be defined as the ratio between the output and the output plus 
the losses. These latter come under the following heads, the com- 
putation of each having been previously considered: 

(1) Copper Losses. These consist of the sum of the I'R losses in the 
armature field-coils, and increase as the square of the current — being, how- 
ever, independent of the speed. 

(2) Iron Losses. These are made up of the eddy-current and hysteresis 
losses produced in the armatiu*e core-plates owing to the changes in flux- 
polarity and density to which they are periodically subjected. They vary 
sUghtly with load, on account of the strained distribution produced, and are 
always variable with the speed, eddy currents varying as the square of the 
speed, and hysteresis losses directly as the speed. 

(3) Excitation Losses, These consist of the watts expended as heat 
and utilized to drive the magnetizing current around the magnetizing coils, 
and are included in machine I^R losses. 

(4) CommutcUor Losses. These losses may be subdivided into: 
(a) I^R loss due to brush-contact resistance; 

(&) Brush friction loss; 

(c) Losses through sparking and through eddy currents in the 
commutator bars. 

Of these, a and h are the only ones usually considered, the other (c) 
being practically negligible except in generators furnishing large currents at 
very low voltages. 

(5) Bearing Friction and Windage Losses. The former are the losses 
due to the friction of the shaft in the bearings, and depend only upon the 
load and speed. The latter are occasioned by the armature churning the air, 
and are independent of the load, but vary with the speed. 

(6) Secondary Copper and Iron Losses. These have already been con- 
sidered as eddy-current loss in the armature conductors, eddy-current loss in 
the pole-faces, etc. 

Calculating each of these losses by the method given in detail 
above, we have 

V!o (34) 

Wq + W^ + W^ + W^ + W^ + W^ + W^ 

wherein Wo is the output of the machine in watts, and Wi, Wi, Wti etc., 
represent the losses in watts just enumerated. Representative 
curves of these losses are shown on pages 22 and 155, while Table 
XVI gives the average efficiencies and apportionment of losses of 
direct-driven machines of various sizes. 
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TABLE XVI 

Average Effldencies and Apportionment of Losses of Direct-Driven 

Machines of Various Sizes 



Output of 

Machine 

(in kw.) 


Commercial 
ErnciiNCY 
(per cent) 




Percentage Losses xn 




Friction 

AND 

Windage 


Armature 


Field 
Copper 


Commuta- 
tor, 
Friction and 
Drop 


Copper 


Iron 


1 


80 


4.3 


3.7 


8 


0.6 


3.4 


2 


82 


4.0 


3.4 


7 


0.57 


3.03 


5 


84 


3.7 


3.1 


6 


0.54 


2.68 


10 


86 


3.4 


2.8 


5 


0.50 


2.30 


20 


88 


3.1 


2.5 


4 


0.46 


1.94 


30 


89.5 


2.8 


2.2 


3.5 


0.42 


1.58 


50 


91.0 


2.5 


1.9 


3.0 


0.39 


1.21 


100 


92.0 


2.2 


1.6 


2.75 


0.37 


1.08 


200 


93.0 


1.9 


1.4 


2.50 


0.35 


0.85 


300 


93.5 


1.7 


1.35 


2.35 


0.33 


0.77 


500 


94.0 


1.6 


1.25 


2.15 


0.31 


0.69 


1,000 


95.0 


1.45 


1.10 


1.65 


0.29 


0.61 


2,000 


96.0 


1.30 


1.00 


1.10 


0.27 


0.33 



In using this table, it must be borne in mind that the values may vary 
considerably, even in machines of the same output but of different speeds and 
voltages, and \mder different conditions of working. The figures given should 
be used merely as a guide in apportioning or checking the losses. 

Calculation of Magnetization Curve and Voltage Drop. Prede' 
termination of Magnetization Curve. The magnetization curve of 
a djTiamo-electric machine is the curve connecting the ampere-turns 
upon the magnetic circuit, and the useful flux produced by them in 
the armature teeth. Since the number of turns upon the field coils 
b usually constant, and since the no-load terminal voltage of a gen- 
erator is directly proportional to the useful flux entering the core of 
the armature, it is more convenient to represent the magnetization 
curve by the relation between the field-exciting current in amperes, 
and the no-load terminal voltage. This curve is generally predeter- 
mined by calculation, and then actually tested in the finished machine 
for each new type, thus checking the correctness of the designer's 
assumptions. The experimental determination b explained later. 
These curves are valuable, not only to show the character of any 
particular machine, but are useful for comparing different ones. For 
this purpose a standard ratio of the scales on which the curves are 
based should be followed. 
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To illustrate the method of constructing the magnetization 
curve of a continuous-current generator, let us consider the case of 
a standard Crocker-Wheeler generator, the dimensions and particulars 
of which are as follows: 

General: 

Rated load output iir kilowatts 150 

Terminal voltage at rated load 260 

External current, in amperes, at rated load 600 

Armature speed, in r. p. m <. 225 

Number of poles .7^ 8 

Armature Dimensions: 

External diameter of core, in inches 4^ 

Internal diameter of core, in inches 34 . 5 

Number of slots 116 

Depth of each slot, in inches 1 .00 

Width of each slot, in inches 0. 66 

Pitch of slot at armature face, in inches 1 . 22 

Radial depth of iron in core under teeth, in inches 4.25 

Total length of core, in inches 13 

Iron or effective length of core, in inches 10. 57 

Number of conductors 928 ^ 

Style of winding simplex parallel 

Bare dimensions of each conductor, in inches . 08 by . 35 

Insulated dimensions of each conductor, in inches 0. 14 by 0.41 

Mean length of one armature turn, in inches 87.5 

Field Magnet Data: 

Number of poles 8 

Diameter of bore, in inches 45 . 62 

Turns per pair of poles 1600 

Shunt exciting current at rated load, in amperes 6 . 96 

Angle covered by each pole-face, in degrees 32 

Cobimutator Dimensions: 

Diameter, in inches 29 . 5 

Number of segments 248 

Length, in inches 8 . 25 

The magnet-cores are of steel, circular in cross-section, and bolted 
to the yoke, the pole-shoes being in one piece with the magnet-cores. 
The field frame is cast in two pieces and bolted together. All the 
field-exciting coils are connected in series. The armature slots are 
parallel-sided, of the dimensions stated above. There are three ven- 
tilating apertures in the core, each | inch wide. The armature wind- 
ing has eight circuits in parallel, with eight sets of brushes set 45° 
apart. 
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In order to construct the magnetization curve, we have 

Z XpXr.p. m. X^g 
60 X 10« X c 

928 X 8 X 226 



60 X 10 X 8 
= 0.0000348 *, 



*- 



As the leakage coefficient of this machine ia p = 1.09, we may con^ 
struct the following, since *„ = " $«• 



E 


^a 


^n. 


200 


5,760,000 


6,260,000 


220 


6,320,000 


6,890,000 


240 


6,900,000 


7,520,000 


260 


7,470,000 


8,150,000 


280 


8,050,000 


8,780,000 


300 


8,620,000 


9,400,000 



(I ({ 

tt it 



From the drawings we find: 

Mean length of magnetic path in magnet-yoke, in inches 29 

" " " " " " two magnet-cores, in inches 15.75 

" " armature core, in inches 10 
" " two teeth, in inches 2 

" " " " " two air gaps, in inches 0.625 

Magnetic area of yoke, in square inches 100 

" magnet-cores, in square inches 86.5 

" armature body, in square inches 45.6 

The polar angle being 32°, we have, for the number of teeth 
under one pole 

32^X116 

360° -lO.d 

Allowing for spreading of flux in the air gap owing to high flux- 
density in the teeth, we may take 11 teeth as receiving flux from 
each pole. 

As the pitch of slots at the bottom of the slots is ^ ' = 1 . 1 65 in., 

and as the slots are 0.66 inch wide, we have, as the width of a tooth 
at its root, 1.165 — 0.66 = 0.505 inch. The area of the teeth re- 
ceiving flux from each pole will, therefore, be 

11 X 0.505 X 10.72 = 59.5 square inches 
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since the length of iron in the armature parallel to the shaft is 9 inches. 

The air-gap area, taken as the pole-face area, is 163 sq. in. 

This completes the data necessary for computation of the mag- 
netization curve, and it is sufficient here to calculate a few points 
on this curve, as the method is the same for all. 

Considering the machine to generate an e. m. f . of 200, 220, 240, 
260, 280, and 300 volts, respectively, we obtain by the method 
explained on page 73, the values given in Table XVII. 
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Ampere Turns per^ Fair of Poles 

Fig. 151. Magnetization Curve of a Continuous-Current Generator 

As seen from this tabulation, we have 



E = 200, Ampere-tums per pair poles = 8,091 
E = 220, " " " " " = 9,252 

E = 240, " " " " " = 10,694 

E = 260, " " " " " = 12,493 

E = 280, " " " " ^' = 14,412 

E = 300, " " " " " = 16,517 



By plotting the curve connecting these six points, we obtain 
the working portion of the magnetization curve shown in Fig. 151. 
The complete magnetization curve may similariy be computed for 
the full range of the field-exciting current, taking account of the 
residual magnetism of the magnetic circuit; but in the design of 
generators, the working portion is sufficient. 
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It is usual to operate shunt-wound generators upon that portion 
of the magnetization curve just above the so-called bend, while 
compound-wound machines are usually designed to operate at no 
load just below the bend of the magnetization curve. 

Computation of Voltage Drop from Magnetization Curve. At 
any generator load, there are four causes tending to lower the voltage 
at the terminals of the machine, namely, ohmic resistance of the 
armature and series coils (if any); drop due to brush contact; demag- 
netizing action of the armature; and distortion of the armature flux. 

The voltage-drop due to resistance of the armature winding, 
series field-coils, and brush contacts, is 

e^IaTa+Iar^e + IaT, (35) 

the second term being omitted if the series winding is absent. 
Then, in the assumed case. Fig. 151, the no-load e. m. f. being 
240, represented by R on the magnetization curve, the rated-load 
current being 607 amperes, and the resistance of the main circuit, in- 
cluding brushes, armature winding, and series field-winding, being 
0.02224 ohm, we have 

e = 0.02224 X 607 = 13.5 volts 

which, added to 250, the full load e. m. f., shows that the generated 
e. m. f. at rated load would have to be 203.5 volts, without consider- 
ing armature reaction. This is represented by the point on the 
saturation curve; hence 12,830 ampere-turns are required to generate 
this e. m. f. In other words, at rated load and speed, assuming the 
terminal voltage to remain the same as at no load, we require 12,830 
ampere-turns upon the field, assuming armature reaction absent. 

As it is often convenient to check the dimensions of an armature 
conductor in a preliminary design by means of this voltage-drop, 
Table XVIII is given. 

With regard to the demagnetizing ampere-turns of the armature, 
we know that in general these are the ampere-turns lying within twice 
the angle of brush lead. Assuming the brushes to be set just under 
the pole-tips at rated load, the demagnetizing ampere-turns will be 
the number of armature conductors lying between adjacent pole- 
comers, multiplied by the current in them. 
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TABLE XVIII 
Voltage-Drop as Related to Output in Shunt and Compound Machines 



Output of. Machine 
(in kilowatts) 


Value op e as a Percbntaqs of Ratkd-Load 
Terminal e. m. f . 


Shunt Machines 


Compound Machines 


5 

10 

25 

50 

100 

200 

500 

1,000 

2,000 


7 

6 

5 

4 

3.5 

3 

2.5 

2 

1.5 


10 
8 
7 
6 
5 
4 
3 

2.5 
2 



These ampere-tums are multiplied by the leakage coefficient, 
because they have to be neutralized by the field-winding; the result 
is added to Xj, and set off on the diagram as X,, Fig. 151. By pro- 
jecting this up to the curve, the point F is obtained, which corre- 
sponds to the necessary e. m. f. 

Example. In the machine being considered, the number of slots lying 
between pole-tips is 

45-32 ,,^ ,^ 

-360~ ><''" = "•" 

and in each slot there are eight conductors, each carrying 76 amperes at rated 
load. Hence, the demagnetizing ampere-turns of the armature at rated 
load per pair of poles (assuming that the brushes are advanced 4°.0 from the 
neutral position, and that the leakage coefficient is 1.09), are 



8X8 X 116 X 76 X 1 .09 
360 



1,660 



Adding these ampere-tums to Xj, we get X^ s 14,490 as the total ampere- 
tums required at rated load, assuming that there is no drop in voltage caused 
by diminished permeability in the teeth at the forward pole-horn due to dis- 
tortion of the flux. 

With a smooth-core armature, the flux distortion in the air gap 
does not produce a diminution in the terminal voltage of the machine 
but with toothed armatures, allowance must be made. In Fig. 152 
let AB represent the width of the pole-face to scale, and EF the 
flux-density in the air gap B„. Then the area ABCD is proportional 
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to the useful flux ^a> ^^d at no load we may regard this flux as being 
uniformly distributed along the air gap as indicated by said rectangle. 
Assuming the permeability of the teeth to be constant, and laying 
oS AH as the flux-density at the hindward pole-horn, and BG eis 
the flux-density at the forward pole-horn, the flux density being 
heaped up in the latter at rated load, and withdrawn from the former, 
the line HFG would represent the flux-density variation from point 
to point in the air gap, and the area A HOB would be equal to the 
area ABCD, since the permeability of the air gap is constant. But 

the increased flux-density at the forward pole- 
horn causes the permeability of the teeth at 
this point to have a much lower value than 
it has with the flux-density B^, while, on the 
other hand, the permeability of the teeth under 
the hindward pole-horn has increased on ac- 
count of the diminished flux-density in them. 
As a result, the line HFG takes the bent form 
shown by the curve KFL, and the shape of this 
curve is the same as that of the magnetization 
curve over this range. As can readily be seen 
from the figure, the area AKLB is considerably 
F^.i62. Curve Showing Re- ^^ss than the area AHGB, that is, there is a 
ilJd nu^'-DUtort^^^^^^^ diminution of the useful flux $„, and conse- 

quently a corresponding voltage drop, which 
will as a rule be greater, the higher the flux-density in the teeth. 

One way to estimate the number of ampere-turns needed to com- 
pensate the effect produced by the distortion of the useful flux, is as 
follows: 

In Fig. 153, let KL be the magnetization curve of the machine, the 
ampere-turns required for no-load, and those for rated-load induced e. m. f. 
at no load — and, therefore, without the extra allowance for distortion — being 
set off upon its scale of abscissse OX, as X^ and ^3, respectively, these having 
been estimated as shown in Fig 151. Now, upon OX, mark off OA and OB 
as shown in the figure. The point A then represents the hindward pole-horn, 
and the point B the forward pole-horn. Had the distortion been absent, the 
ampere-turns required to produce JEf^ volts would have produced a flux across 
the gap proportional to the area of the piece ABCD. But, as the distortion 
is present, the flux is proportional to the smaller area ABLK, Hence, we 
shift the point F higher up the curve to a point such as F', so that the area 
A'B'UK' equals the area ABCD. This gives a new point X^ along OX, rep- 
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designing the shunt regulator liberally, and by placing a shunt across 
the series field-coils, the desired result may be reached by trial. This 
is, in fact, the practice of almost all dynamo builders. 

The possibloi discrepancies between calculations thus made and 
results of actual test, are shown by the following values of the ampere- 
turns required at no-load and at rated load, as determined by the 
manufacturers of the machine we have been discussing: 

Output Calculated Values Actual Values 

No-load 10,700 10,400 

Rated load 15.800 15,400 

The difference was caused, no doubt, by the fact that better quality 
of iron was used in the machine than that for which the ampere-turns 
were computed. 

CHARACTERISTIC CURVES OF CONTINUOUS-CURRENT 

GENERATORS 

Dr. John Hopkinson, in 1879, first suggested that the behavior 
of a generator could best be studied from a curve representing the 
relation between the e. m. f. and current of the macliine at different 
loads. In 1881, M. ]Marcel Deprez elaborated Hopkinson's method, 
determining additional curves, and gave them the name of character- 
istics. 

At present the characteristics most commonly developed are: 

(1) Magnetization curve. 

(2) External characteristic. 

(3) Curve of flux distortion (explained on page 41 et seq.). 

Experimental Magnetization Curve. The method of prede- 
termining the magnetization curve of any continuous-current gen- 
erator was explained on page 137. 

The magnetization curve of a dynamo can be determined ex- 
perimentally by separately exciting its field, as shown in Fig. 154. 
The field current is taken from the source of constant potential, 
a variable resistance VR of great value (or a potentiometer) and an 
ammeter AM are placed in series with the fields F. The ammeter will 
measure the current which is varied from zero to a maximum value 
by means of the variable resistance VR, The armature ^^4' is 
rotated at rated speed and for each value of the field current the 
diflference in potential at the brushes is read by means of voltmeter V. 
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The commutator upon which the brushes set is designated by C, 
A magnetization curve is really expressed with the co-ordinates 
m. m. f. and $, i. e., between the force producing flux and the actual 
flux resulting. These co-ordinates are somewhat difficult to measure 
directly so that others which are 
proportional and more easily de- 
termined are employed. 

We have seen that m. m. f. 
= ArrlTy and in any machine, 
since T, the number of turns upon 
the field, is constant, the only 
variable will be /, the field cur- 
rent. Still further, the generated 
e. m. f . of a dynamo is 
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Fig. 154. Diascram of Generator Connections 
for Separately Excited Field 



E 



2p^zN 



10« X 60 X c 

and in a given machine all factors (in this equation) except N, 
the speed, and $, the flux, are constant. However, if we maintain 
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FiR. 155. Fig. 156 

Curves Showing Effects n[ RoFiduai MaKnetism on the Magnetization 

Curve c;t a Generator 

the speed constant by regulating that of the prime mover, we will 
have E varying directly as <!>. We can thus express the magnet- 
ization curve between the co-ordinates representing generated e. m. f . 
and field current. As the armature is being operated on open 
circuit, there will be no current flowing through it except the 
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extremely small value taken by the voltmeter. This is, however, 
so small as to be negligible and, therefore, we may assmne that no 
armature reaction or drop in potential occurs. 

Figs. 155 and 156 are typical magnetization curves of a 30-kw. 
generator; Fig. 155 shows the magnetization curve of the machine 
when its field is wound with many turns of fine wire, i. «., a shunt 
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Fig. 157. Magnetization Curves of a 30-k.w,Generator with Increasing 

and Decreasing Field-Current 

dynamo; and Fig. 156 shows the magnetization curve of the same 
machine when its field is wound with a few turns of coarse wdre, t. e, 
a series-wound generator. 

Dependeme of the Magnetization Curve upon Speed, When the 
magnetization curve of a dynamo has been determined for a given 
speed n, the curve for any other speed n' can be found by multiply- 
ing the ordinates of the given curve by w' -^ n. This is evident when 
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Fig. 168. Diagram of Connections for 
Separately-Excited Machines 



There are, however, two reactions which occur whenever current 
flows through the armature of any type of generator. One of these, 
namely, armature reaction, we have already studied and it was 
found that the ciurent flowing through the armature caused the 
main field flux to become distorted with the result that it was some- 
what decreased (Part I, page 43). The other reaction occurring is 

the drop in potential due to the 
flow of current. It must be re- 
membered that the armature 
from brush to brush consists 
simply of a number of copper 
wires in parallel. It is a physical 
fact when current flows over a 
conductor that there is a drop in 
potential equal to IR, wherein / 
is the current and R the resistance. For any value of the flux there 
will be some value of the generated e. m. f. and accordingly if 
some of it is used up internally in the armature the remainder or 
terminal e. m. f. becomes less. The general formula for a genera- 
tor is as follows : 

E generated = £ at terminals + IR (30) 

wherein / is the armature current and R the resistance of the arma- 
ture circuit including brush contacts and 
series field winding if there is one. 

Characteristic Curves of Magneto and 
Separately-Excited Machines. In the 
magneto machine,. the permanent mag- 
netism of the steel may be considered 
approximately constant, and the same 
condition would obtain in a separately- 
excited machine, Fig. 158, if the field- 
current were kept constant. Owing, 
however, to the reactions of the arma- 
ture when the current flows therein, the 
useful flux and terminal voltage are 
decreased. In Fig. 159 are given the 
results of tests upon a sepafately-excited dynamo. The line E 
represents the generated e. m. f. of the machine when operated 
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on open circuit, that is, no armature current, at rated speed and 
field-current. The line F' shows the terminal voltage which would 
be obtained if armature reactions were absent, and only armature 
and brush drop were in evidence. The curved line B represents 
the actually observed values of the terminal voltage when diflferent 
currents were drawn from the machine. 

Considering the formula, we see that as the armature current 
increases, the IR drop and also armature reaction increases. In 
the latter case the result is to decrease the flux so that the generated 
e. m. f. falls. With IR drop increasing and generated e. m. f. de- 
creasing, it is evident that the terminal e. m. f. will diminish quite 
rapidly. The pronounced droop at the lower end of the latter curve 
B is probably due to the greater demagnetizing eflfect when there is 
a considerable lead at the brushes. The characteristic shows such 
a droop more definitely with field-magnets weakly excited. 

Characteristic Curves of Series-Wound Machines. The char- 
acteristic curve of a series generator may be determined experi- 
mentally by driving the ma- 
chine at constant speed, and 
observing corresponding values 
of current output and terminal 
voltage for diflferent resistances 
in the external circuit. Fig. 
160 shows the connections and 
necessary instruments. 

External Characteristic 
Curve. Fig. 161 represents the 
external characteristic curves of 
a series-wound generator at two different armature speeds. It is 
plotted between terminal volts and armature current and, as is seen 
from the shape of the curves, the e. m. f . increases at first with 
the current, due to the increase in magnetization of the field-mag- 
nets. As the parts of the magnetic circuit, with increase of load, 
approach saturation, the reactions of the armature and IR drops 
become of relatively greater importance; the result is that the curve 
flattens out and finally bends downward. 

Total Characteristic Curve. The total characteristic curve is 
plotted between total armature current and generated e. m. f. 
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Fig. 100. Diagram of Connections for 
Series-Wound Generator 
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The external characteristic is plotted between current and terminal 
e. m. f . Since the same current passes through the external circuit 
as passes through the armature and field windings, the external and 
armature currents are equal. Further we have E gen. = E term. + 
IR; where R is the resistance of armature, field, brush contacts, 
etc., combined. If we add the value of the IR drop to the terminal 
e. m. f. we obtain the generated e. m. f . Fig. 162 shows both external 
and total characteristics and the value of the IR drop for a series 
generator. 

The effect of residual magnetism upon the external and total 
characteristic curves of a series-wound generator causes the curve 

to intersect the axis of 
volts above the origin, as 
a/cH indicated in Fig.162; that 

xz/cK jg at zero external current. 




z/cur 

ZO '^C 60 60 /OO /ZO /^O 

Fig. 161. Cbaracterifltic Curves of a Seriea- 
Wound Generator at Different Speeds 




Fig. 162. Effect of Residual Maff- 

netism on Characteristic Curve 

of a Series- Wound Generator 



and hence zero field-exciting current, an e. m. f . is generated in the 
armature of small value, as already explained. Thus a series gen- 
erator is self-starting as regards generation of voltage. 

Relation between Magnetization Curve and Total Characteristic 
Curve of a Series-Wound Generator. If it were not for the demag- 
netizing action of the armature current on the field, the total char- 
acteristic curve of a series-wound generator would be almost identi- 
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Shunt Field 
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Fig. 163. Diagram of Connections for a 
Shunt- Wound Generator 



cal with the magnetization curve. The effect of the armature cur- 
rent is, however, either to reduce inducing flux and therefore the 
generated voltage which corresponds to a given field-exciting current, 
or to necessitate an increased 
field-exciting current to give the 
requisite terminal voltage. 

Dependence of the Character- 
istic Curve on Speed. Since the 
flux has a definite value for a 
given value of current output of 
a series-wound generator, and 
therefore is independent of the 
speed, the generated voltage is 
proportional to the speed for a 
given value of \h?. output cur- 
rent. The external characteristic curve corresponding to the speed 
n' may in consequence be derived from the external characteristic 
curve corresponding to the speed n, as follows: Add IR to each or- 
dinate of the given characteristic, thus finding the total characteristic 
for the same speed n.* Then multiply the ordinates of this charac- 
teristic curve by n' -^ n, thus find- 
ing the total characteristic curve for 
the speed n\ Subtract IR from 
each ordinate of this curve, thus 
obtaining the external characteristic 
curve for the speed n'. 

Characteristic Curves of Shunt- 
Wound Generators. The external so 
characteristic curve of the shunt- 
wound generator is determined ex- 
perimentally by running the ma- 
chine at rated speed and noting the 
terminal voltage for various values 
of the external current with con- 
nections as shown in Fig. 163. 

External and Total Characteristic Curves, The full line in Fig. 
164 represents the external characteristic curve of a typical shunt- 
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wound generator, the portion cc being that part upon which machines 
of this type are usually operated. 

This curve is seen to difTer radically from the corresponding 
curve of a series-wound machine. It is to be seen from Fig. 163 
that the shunt field is connected directly to the armature terminals 
with a rheostat (/J) in series so that the exciting current also passes 
through the armature. When a shunt generator is brought up to 
speed, the residual magnetism causes a small amount of flux which 
the armature inductors cut, producing a small e. m. f. This acting 
across the field causes a small exciting current to flow which in turn 
produces more flux. This action goes on until a balance is reached 
which will be the rated no load value of the terminal e. m. f. As 
soon as load is added to the generator, armature reaction comes into 

play and aided by the IR drop 
in the armature circuit causes 
the terminal voltage to fall. Be- 
sides this, as soon as the terminal 
voltage falls, there will be less 
field current which causes a de- 
crease in the fie)d strength and 
also in the generated e. m. f. 
This continues and finally the 
curve bends over sharply and both 
terminal e. m. f. and armature 
current decrease toward zero. 
When we put load on the generator we are simply decreasing 
the external resistance. At the start the external resistance is de- 
creasing more rapidly than the terminal e. m. f. and thus the cur- 
rent rises, but the latter, however, soon overtakes the former and 
finally decreases faster than the external resistance. This causes the 
curve to bend back. At dead short circuit the terminal e. m. f. 
becomes practically zero but the residual magnetism generates just 
sufficient voltage to cause some current to flow through the arma- 
ture and the short circuit. 

The total characteristic shown as a broken line in Fig. 164 
is obtained from the external characteristic by adding the value of 
the IR drop to the terminal e. m. f. and adding the field current to 
external current, for the field current also passes through the armature. 
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Fig. 165. DiaRram of Connections for Com- 
pound-Wound Generator 
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In the shunt generator if we were to increase the shunt field 
current, it is evident that we can increase the generated e. m. f. 

This increase in shunt field current (if just sufficient to raise the 
generated e. m. f., as much as armature reaction on IR drop tends 
to decrease the terminal voltage) will cause the machine to maintain 
constant terminal voltage. From the formula 

E generated = E terminal + IR 

if E is increased by an amount equal to the IR drop, then E will 
remain constant. In the shunt machine this can be accomplished 
only by varying the resistance 
of the shunt field and it is gen- 
erally done by hand. It can be 
done automatically by the ad- 
dition of a few series turns car- 
rj'ing all or a part of the exter- 
nal current, in which case the 
machine becomes compound 
wound. 

It is evident that a certain 
number of series turns are re- 
quired and if more are placed 
upon the fields the generated e. 
m. f . can be increased so much 
as to cause the terminal e. m. f. 
to actually rise, causing over- 
compounding. 

Characteristic Curves of Compound-Wound Generators. Fig. 
165 shows the connections and Fig. 166 shows the curves for the 
external and total characteristics of an over-compK)und-wound gen- 
erator. The terminal voltage is seen to rise from no load to full 
load. 

If the machine were very heavily overloaded the external char- 
acteristic curve would ultimately bend over similar to the corre- 
sponding curve of a shunt-wound generator, due to the heavy IR 
drop, the great demagnetizing action of the current in the arma- 
ture, and from the decrease of that part of the field excitation which 
is due to the shunt field current. 
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Efficiency and Loss Curves. From a commercial standpoint 
there is still another curve which is of extreme importance. As in 
all machines which transform energy from one form to another, some 
energy is wasted in an electric generator. Commercial efficiency is 
defined as the ratio of ovipiii to input and evidently this ratio can 
never be unity. The losses in a generator are divided into two classes 
as follows: 

1. Electrical OR CJoppER Losses. 

(a) I^R in armature conductors. 

(b) PR in brushes and brush contacts. 

(c) PR in armature leads. 

(d) PR in field windings, shunt and series. 

In the case of a self-excited dynamo, or a motor having a field 
rheostat, the losses in the field rheostat must be ccmbined with the 
others to give total loss. 

2. Stray Power Losses. 

(e) Bearing friction and air friction or windage. 
(/) Friction of brushes on commutator. 

(g) Hysteresis in the armature iron. 

(h) Eddy-current loss in iron of armature and pole tips and copper 
of armature. 
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It is a simple matter to deter- 
mine what the copper losses will 
be if we know the current flowing 
in a circuit and also the resistance 
of the circuit. The stray power 
losses are, however, difficult to 
measure separately, so they are 
measured collectively. 

The method used for measuring 
these losses, depends upon the 
assumption that the stray power 
losses will be the same for any 
load provided the field current and 
speed are identical. Accordingly 
the machine is operated at no load and the power required to operate 
it noted. Since there is no output all of the input is lost and if we 
subtract the no-load copper losses from the no-load input, we can 
uimediately determiae the stray power losses. 




Fig. 167. 
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In Fig. 167 are shown a set of curves for 4 kw. generator. The 
curve of field copper loss increases slightly since a little more field 
current is required to keep the terminal voltage constant as the load 
is augmented. The stray-power losses also increase slightly due to 
the change in field current. The curve for PR in armature and brush 
losses increases very rapidly, as they change as the square of the 
armature current, which later varies from zero to full-load value. 

At any load it is evident that: Input = OiUpid + Losses, and 
in a generator it is an easy Inatterto determine the output. Hence 
knowing output and losses we can determine the input and from this 
the efficiency from the relation. 

Efficiency = §H^* 
•^ Input 

The per cent efficiency curve in the figure is seen to increase 
quite rapidly at first but gradually tends to become horizontal and 
on overload it would begin to fall. This change in the efficiency is 
due to the fact that field copper and stray power losses increase only 
a little, while the armature copper losses change very slowly at first, 
but as full load is approached the rate of increase is enormous. 
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DESIGN 

The various parts of continuous-current generators from a con- 
structive point of view, may be grouped under the following heads: 

(1) Construction of the Frame 

(2) Construction of the Armature 

(3) Construction of Commutator and Brush 

(4) Construction of the Mechanical Parts 

CONSTRUCTION OF FRAME 

The frame of a continuous-current machine is usually composed 
of the magnet-yoke or ring, the field^poles and their projections, and 
the field-windings. 

Magnet- Yoke. We have seen that the ring type of magnet- 
frame is now generally used. It is made either of cast iron or cast 
steel in continuous-current machines, and in section takes one of the 
shapes of Fig. 168, the poles projecting inwardly. A, B, and C are 
suited to cast iron; while D, E, and F are of cast-steel construction. 
The first two are simple types which need no explanation. C is 
employed by the Crocker- Wheeler Company, the flange on either 
side serving to stifiFen the ring and to protect the field coils. D is 
used by the Oerlikon Company, and E by the General Electric Com- 
pany, both designed to secure stiffness. 

The choice between cast steel and cast iron for the yoke depends 
upon the purpose for which the machine is intended and the ideas of 
the designer. The advocates of cast iron claim that by its use the 
machine is made heavier in the stationary part, and thus better •en- 
abled to withstand any tendency to vibrate. The other side claims 
that great weight is unnecessary. 
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Fie, 108. Variou* acctiaoi of Magnet-Yokea 




Fia- 169. MkgQ«'-Yoke wi(b Parti Bolud Tofethsr >( Back and Frool of Rini 
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The magnet-ring in all but the smallest machines is split in two 
along its horizontal diameter, or sometimes along its vertical diameter, 
to facilitate erection, inspection, and repair with respect to the armar 
ture. The two parts are usually held together by bolts at the side, 
back, or interior of the ring, as indicated in Pigs. 169, 170, and 171. 
One or more ring-bolts are also placed at the top or on each side of 
the upper half in order to make handling easy. 

Field-Poles and Projections. The field-poles are generally 
made of wrought iron, sheet steel, or cast steel. The magnetic prop- 
erties of these materials are given in Fig. 100. Wrought iron and 
cast steel have approximately equal permeabilities at about 95,000 
lines per square inch, below which the former is a little superior. 
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Fig. 170. Magnet- Yoke with Parts Bolted Together at Sides of Rings 

The objection to the use of wrought iron, however, is the diflSculty 
of making it in the forms required. This may be partly avoided by 
using simple forms such as a plain cylinder, which can easily be made 
by forging or by cutting off lengths from round bars. 

The cheapening and developing of the process of casting **mild'* 
steel (soft steel), with a very small amount of carbon, have resulted in 
the general adoption of this material for field-magnets. It combines 
high permeability, cheapness, strength, and the ability to be cast in 
any reasonable form. It is certainly not economical to use cast iron 
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for the cores of the iield-magnets since it requires from 2 to 2.5 times 
the cross-section of wrought iron or steel for the same reluctance. 
With a circular cross-section, this demands about 1.5 times the length 
of wire for a given number of ampere-turns; and the necessary weight 
of cast iron being 2 or 2.5 times greater, makes it not only clumsy 
but more expensive. For yokes, field-rings, bases, or other parts 
not wound with wire, the extra circumference is not so objectionable. 
Often the increased weight is positively advantageous in ^ving 
greater stability, so that cast iron is still used to some extent in these 
part^. 

In joining cast iron to wrought iron or steel, it is hardly suffi- 
cient to butt the two together, as indicated in Fig. 92, because the 



ITl. MaiDst-Yoke with Parts Bolted Tagether on Inside Rins 

permeability of a given area of cast iron is only about one-half as 
great as that of an equal area of either of these other materials. Hence, 
in order to secure the proper surface of contact, tlie pieces of steel 
or wrought iron should be imbe<Jdetl in the cast iron by placing the 
former in the mould when the casting is made;, or the cast iron may 
be bored out to receive the ends of the cores. Joints in the magnetic 
circuit are not desirable, because they involve work in fitting, and 
may cause looseness or weakness— usually avoidable, however, with 
good workmanship. On the other hand, the common idea that (hey 
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introduce great reluctance is not true, for we have seen on page 19, 
that an ordinary joint is equivalent to an air gap of about 0.002 
inch, which is practically insignificant, and does not warrant the 
making of complicated castings or forgings to avoid one or two joints 
in the magnetic circuit, except to simplify mechanical construction. 
The length of the cores require<l for a given field-magnet depends 
simply upon the amount of field-winding. The turns neetled are 
computed as described on pages 72-81, and the size of wire from 
pages 80-83. It is sufficient to make the core long enough to receive 
diese turns properly, and to expose sufficient .surface to dissipate 
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the heat generated by the field-current in order to prevent excessive 
temperature-rise, as indicated on pages S4-8C», 91. 

The area of cross-section of the field-cores is determined by 
the total flux to be carried. A density of 13,000 to 16,000 lines per 
square centimeter — 80,000 to 100,000 lines per square inches about 
the value for cast steel or wrought iron. The section is either circular 
or rectangular, the former being preferable on account of ease of 
winding coils for this shape, and because a circle has the least cir- 
cumference for a given area, thu.s requiring less wire. The rectan- 
gular shape is used where the pole-core is laminated; and with the 
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same area as one of circular cross-section, it has more radiating sur- 
face, although more wire is required for each turn. 

The field-cores are attached to the yoke in several ways. The 
simplest method is to cast them as one 
piece or to bolt them together as indi- 
cated in D, E, and F of Fig. 168. An- 
otlier method is to place the cores of cast 
steel in the mould when casting the ring 
of cast iron. Sometimes, for large ma- 
cliines, only a portion of the cores is cast 
with tlie yoke, the rest being attached 
to the pole-pieces or shoes after mount- 
ing the field-coik. The two portions 
are then held together by bolts passing 
Fi«. 173. Sh.pe.Poie.st.^pi.g, through the pole-shoe. 

Most continuous-current machines are designed with an ex- 
tended pole-piece or shoe which covers a greater surface than would 
the mere end of the field-core. Great attention has been paid to the 
special shaping of these polar extensions, as noted on pages 55-57 and 
in most cases they are constructed separately and attached to the 
cores while assembling the machine. If the core is laminated, the pole- 
piece forms a part of the laminae, 
as shown in Fig. 172; while, if the 
core is partly cast with the ring, 
and the remainder bolted to it, as 
stated above, the shoe forms a 
portion of this addition. 

An extended pole-piece re- 
tLtb duces the reluctance of the air 
gap, and thus the ampere-turns 
needed in the field-winding. On the other hand it is well to have the 
pole-shoe itself well saturated. Hence, to fulfil both conditions, either 
it ought to be made of a less permeable material than the pole-core — 
if the latter is cast steel or wrought iron the pole-shoe may be of cast 
iron — or, if made of stampings of wrought iron or mild steel, it should ■ 
be so designed that its edges at least will be well saturated. This 
can be accomplished as indicated in Fig. 1 73, that is, by omitting every 
other lamina in the pole-piece, producing a grid-iron effect at the edges. 
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Field-Winding. Coils for field-magnets may be classiiied as 
bobtnn-vxmnd and form-'wtyund. With respect to those wound on 
bobbins, no special instructions need 
be given, except for fixing and bring- 
ing out the ends, the insulation, etc. 
Rectangular conductors, while pre- 
ferable where the cross-section of the 
wire is lai^ and the radial depth 
of winding is considerable, cannot 
always be used, because special fa- 
cilities are involved. Where edge- 
strip winding is possible, its use is 
generally advisable. 

Field-Magnet Bobbins. These 
are made variously of brass with 
brass flanges, of sheet iron with 
brass flanges, of very thin cast iron, 

or sometimes of vulcanized fiber. *"*■ veitd^ "ilid-cdKf™ °* 
Some makers use sheet metal with 

a flange of some hardwood, such as teak, examples of wtiich, as 
well as of other common designs, are shown in Figs. 174, 175, 176, 



iiAed field-Coils 

and 177. Care must be taken to line the bobbins with adequate 
insulating materials, such as layers of oiled silk or muslin, vulcan- 
ized fiber, or varnished mill-board. Great attention must also be 
paid to the manner of bringing out and securing the inner end of the 
coil. If a bobbin is simply put upon a lathe to l:>e wound, the inner 
end of the wire, which must be properiy secured, requires to- be 
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brought out in such a way that it cannot possibly make a short- 
circuit with any of the upper layers, as it crosses them. A method 
of winding which obviates this difficulty is to wind the coil in two 
separate halves, the inner ends of which are united, so that both ter- 
minals of the coil come to the outside. 
Fig. 178 shows such a bobbin, thb method 
having also been used in the manufacture 
of induction-coil secondaries, for which it 
is desirable to keep the ends away from 
the iron core and from the primary coil. 
Again, the winding may be piled up 
conically, as in Fig. 179, without any 
end-flanges, thus avoiding some of the 
^" '™Encu'«l''ouT^e ^"' "^'^ '^^ break-dowH, and bringing both 
free ends to the outside. In winding 
copper strip for some continuous-current machines, a similar plan 
has been adopted, the union of the two strips being effected at the 
interior of the coil, as indicated in Fig. 180. In still another type 
of continuous-current generator, the field-cores which are removable 
are themselves shaped to serve as bobbins and after being covered 
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with a protecting layer of insulating material are wound in a lathe 
as illustrated in Fig. 181. 

Form-Wmind Coils. Form-wound coils are made upon a block 
of wood or a brass frame, to which temporary flanges are secured to 
hold the wires together during winding. Such coils have pieces of 
strong tape wound in between the layers and lapped at intervals so 
as to bind them together. The completed coil is then served with two 
or more layers of tape, each separately soaked in insulating varnish. 
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The whole coil is soaked in an insulating varnish and then baked 
in an oven, current being simultaneously sent throu^ the wire to in- 
sure interior drying. I^gs. 182, 183, and 184 illustrate form-wound 
coils; while Figs. 176, 177, and 186 represent bobbin-wound types. 



Fit. ISO. gtrip-Wouad Coil 

Bringing Ovt and Fixing Ends. A common means for bringing 
out the ends of coils is shown in Fig, 186. Copper strip, laid behind 
an end-sheet of insulating material, makes connection to the inner 
end, as sliown in the upper part of the figure; while another strip, 
similarly inlaid in the under part, serves as a mechanical as well as 
an electrical attachment for the outer end of the winding. Fig. 



Fi«. 181. Pole-CoTO Used u Bobbin Fig. 182. Typo of Form-Wound Coil 

187 illustrates a simple device for securing the outer end by means of 
a terminal piece laid upon the coil, the last three or four turns of 
which are bared and wound over it, a permanent joint being obtained 
by soldering. 

Insulation of Magnet-Coils. It is not necessary to use any mica 
for the insulation of field-magnet bobbins, several thicknesses of 
paper preparations being more often used, as the potentials used 
are not high. One-tenth inch or more thickness, if composed of 
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several superposed layers, is generally adequate. Varnished canvas 
is useful as an underlay, and press-spahn or vulcanized fiber for 



Fis. 1S3. Tyi>e ol Parm-WouDd Coil 



lining the flanges. It is also important to protect the joint betveen 
the cylindrical part of the bobbin and the end flanges. 



Fig. 184. Type of Form-Wound CoU 

Tlie lagging of varnished cord with which the completed coil is 
usually covered, acts as a mechanical protection; but this is not 
altogether a benefit, since it retards 
the dissipation of heat. Enameled 
wire is also being used for the outer 
layer. 

Attachment of Magnet-Coils. The 

Pig. IBS. Bobbin-Wound Coil Ordinary modc of Supporting the ficld- 

coils is by means of the pole-shoe, 

which is usually removable from the core. If not so arranged, the 

core and shoe together are made removable. Some machines are 
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ARMATURE CONSTRUCTION 

Core-Bodies. The cores of armatures are universally made of 
lamince — thin disks — of wnmght iron or mild steel. These disks are 
stamped out of sheet metal, and range from 0.014 inch to 0.025 inch 
in thickness, the former thickness being that often used at the pres- 
ent time. Core-disks up to about 30 inches in diameter are punched 
in one piece; while larger diameters are stamped out in sections, 
Fig. 190, and the core built up as indicated in Fig. 191, alternating 







Fig. 190. Order of Stampins. Core-Segments 

the joints. These stampings are now so accurately made, that, after 
assembling the disks into a core, the slots need not be millal out, 
as was formerly necessary. ]\lilling is most objectionable because it 
burrs over the edges of the disks and defeats the purpose of lamina- 
tion, the burrs produced connecting adjacent disks and facilitating 

the flow of eddy currents. For 
the same reason, turning after 
assembling also tends to increase 
the iron losses. Hence, if it is 
found that the periphery of the 
core-body is irregular, it should 
be ground true. 

The core-disks are insulated 
from each other either by a thin coating of imn oxide on the disks, 
a thin coating of water-glass enamel applied to the sides of the disks 
by a machine, or a thin coating of japan varnish similarly applied. 
Sometimes shellac or paper is used for insulating these laminae; but 
on account of the greater expense and the fact that the efficiency 
is only slightly bettered, the latter are applied only in special cases. 
Shapes of Armature Teeth. A common form of armature tooth 
is that shown in Fig. 192, being slightly narrower at the root than 
at the top, the resulting slot having parallel sides. Fig. 193 illus- 
trates a form in which the tops are slightly extended to give a larger 
magnetic area at the top, thus decreasing the reluctance of the air 



Fig. 191. Core Built of Segments 
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gap, and helping to retain the conductors in the slots by the inser- 
tion of a wftlge of wood. The latter object is also attained by notch- 
ing the teeth as in Fig. 194, in case it is not desirable to increase the 
area of the top of the tooth. 

End Core-Plates. It is usual to place at the ends of the core, 
plates of sheet iroii of a greater thickness than the laminse, so as to 
support and protect the latter. They are usually 0.125 inch tliick, 
and sometimes ribbai to give added 
5tiffncs,s. 

Binding-Wire Channels. In machines 
using binding wires to hold the armature 
conductors in the slots, it is usual to stamp 
some of the core-disks of slightly reduced 
diameter so that the binding wires may Fig. las. Toctb with Paniiei slots 
be flush with the surface of the armature. 

The reduction is seldom more than } inch on the diameter, giving a 
channel not over J-inch deep. The width is determined by the 
number and the size of the binding wires. (See page 132.) 

Mounting of Core-Disks. Some mechanical means must be pro- 
vided to hold the core-<lisks togetlier, and to connect them rigidly 



to the shaft. The methods may be broadly divided into two classes, 
depending on whether the disks are keyed directly to the shaft, or 
to some auxiliary support attached to the shaft. 

In the case of small cores not exceeding 15 inches in diameter, 
the core-disks take either of the forms shown in Figs. 195 and 196, 
the latter being preferable on account of increase*! ventilation. These 
laminie are simply keyed (o the shaft, being held together under 
heavy pressure by end-plates of cast steel or cast iron, which are in 
turn pressed inward either by nuts fitting in threads upon the shaft 
or by bolts passing through, but insulated from, the armature disks 
and cnd-plaies. 
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Large cores in which the disks are made in sections, or for which 
the material of the core near the shaft is not required, are built upon 
an auxiliary support called a spider, which has different forms, de- 
pending on the mode of attachment between it and the core-disks. 





Fig. 195. 



Forms of Armature Core-Disks 



Fig. 196. 



Fig. 197 shows the disks held together and to a skeleton pulley, or 
spider, by bolts passing through them, the spider being keyed to the 
shaft. The objection to this construction is the fact that the bolt- 
holes reduce the effective area of the core, thus strangling the magnetic 
flux. This may be overcome by placing the bolts internal to the 
core, as in Fig. 198, in which case they need not be so well insulated- 





Fig. 197. Core-Disks 
Bolted to Spider 



Fig. 198. Bolts Placed 
Internal to Core 



Another arrangement which is more modern, is to provide the disks 
with dovetail notches or extensions, fitting into extensions or notches 
on the spider anus, as in Fig. 199. The sectional view shows the 
method of holding the laminae together by means of bolts and end- 
plates, also the extension R R for supporting the end-connections 
of a barrel-winding. 
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The hubs of armature spiders, in order to facilitate fitting the 
shaft, are usually cleared out between their front and back bearing 
surfaces; and in larger sizes, the seating on the shaft is often turned 
to two different sizes to admit of easier erecting, as in Fig. 200. 




R 
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Fig. 109. Mounting of Large Armature Core 



Figs. 201 and 202 show a spider and other features of construc- 
tion of a large machine. The rim is cut into six pieces, each of which 
has four dovetail notches. If cast in one piece, trouble might arise 
from unequal strains in the 
metal, due to contraction. Ven- 
tilating apertures are provided, 
and on the side of each arm, 
Fig. 201, are seen the seatings 
and bolt-holes for attaching the 
commutator-hub and the rim 
which supports the winding. 
In Fig. 202, which shows the 
completed core, the supporting 
rim and narrow ventilating ducts are visible. 

Ventilating Ducts. Armature cores, as already explained, heat 
from three causes, namely, hysteresis, eddy currents in the iron, and 
P/Z losses in the copper conductors. In order that the tempera- 
ture-rise of the armature shall not exceed a safe figure — 50° G. — ^it 




Fig. 200. Construction of Armature Hub 
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has been found necessary, in the large and heavy-duty types of to- 
day, to resort to means of ventilation, usually consisting of ducts 
which lead the air out between the core-disks. To keep the core- 
disks apart at these ducts, it is necessary to introduce distance pieces, 
or ventUatora, Fig. 203 illustrating some of these devices. 



Fit. 201. Bpidei for BuUoek 

In A, simple pieces of brass are riveted radially at intervals to a 
special core-disk 0.04 to 0.05 inch thick. This form fails to provide 
adequate support for the teeth, which is obviated in B, where behind 
each tooth there is a strip of brass about 0.4 inch wide set edgewise, 
being cast with or brazed to a special casting of brass riveted to a 
stout core-disk. In a recent construction, shown in Fig, 204, the 
core-plate next to the duct is ribbed, affording good support for both 
the core and teeth of the next plate. 

Binding Wires. With toothed-core armatures the con<luctors 
may be held in the slots by wedges of wood, as already mentioned, 
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or by bands of wire wound around the armature. These binding 
wires must be strong enough to resist the centrifugal force tending to 
throw the armature conductors out of the slots, and yet must occupy 
as httle radial space as possible, in order not to interfere with the 
clearance between the armature and the pole-pieces. The common 



FLg. 203, Armature Cure nod Commutalor vitb Temponry SbtJt 

practice is to employ a tinned wire of hard-drawn brass, phosphor 
bronze, or steel, which, after winding, can be sweated together by 
solder into one continuous band. 

Under each belt of binding wire a band of insulation is laid, 
usually consisting of two layers — first, a thin strip of vulcanized fiber 
or of hard red varnished paper slightly wider than the belt of wire, 
and then a strip of mica in short pieces of about equal width. Some- 
times a small strap of thin brass is laid under each belt of binding 
wire, having tags which can be turned over and soldered down to 
prevent the ends of the binding wires from flying out. 
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Wedges. Ill the cases where wedges are driven into grooves in 
the teeth, to close up the slot, the usual material employed is a 
well-baked hardwood, such as hornbeam or hard white vulcanized 
fiber. A modem method consists in using 
a springy strip of German silver, or a strip 
of magnalium metal. 

Conductors. Copper is always used for 
the armature conductors of continuous' 

1(0 ^ irUn /77 current machinery, eitheras wire strip or 

Hg_^_ffl"iCiO stranded. Wire is usually employed for 
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Fi|. 204. Ribbed Core-Plstfl 
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machines of small or moderate current output; but rectangidar con- 
ductors are preferable, especially for heavier currents, on account 
of better space-factor. Large, solid conductors, whether round or 
rectangular, are objectionable, not only on account of stiffness, but 
also because eddy currents may be generated in them. This is 
avoided by subdividing the former into several round wires or by 
laminating the latter. 

ARMATURE WINDINQS 

The different methods of armature windings have already been 
treated theoretically, pages 87-117; it now remains to consider the 
mechanical arrangements or means employed to cany out the scheme 
of winding adopted. 

Drum Windings. Drum windings may be subdivided into (1) 
hand windings; (2) evolute windings; (3) barrel windings; (4) bas- 
tard drum windings; and (5) form windings, according to the 
manner in which the end-connections are made. It is essential that 
these latter («; good conductors, sufficiently well insulated from 
one another, allowing of repairs and ventilation, and mechanically 
sound. 
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Hand Windings. Hand windings, historically the first, are now 
seldom used, except for special machines. They involve a clumsy 
overlapping of wires at the ends of the armature, which stops venti- 
lation and hinders repairs; while 
the outer layers, overlying those 
first wound, bring into close prox- 
imity conductors of widely diiTer- 
ent voltage, 

Evoluie Windings. Evolute 
windings, so named from the 
method of uniting the conductors 
by means of spiral end-connectors, 
were quite eariy devised to over- 
come the objections to the hand 
windings. In Fig. 205, which 

illustrates this construction, each rig. 205. Evoiute Ammtu™ winding 
inductor in the form of a bar is 

connected to the next by means of two evolute spiral copper strips, 
one bending inwardly, the other outwardly, their junction being in 
some cases secured to a block of wood upon the shaft. Their outer 
ends are attached to the bars by rivets or silver solder. 

A common form of such end-connector is shown in Fig, 206; 
another form is made of copper strip, folded. la place of the wooden 



jiral End-Connectors tol Evolut 



block referred to above, the middle part of the evolute connector 
may be anchored to an insulated clamping device built up like a 
commutator and called from this resemblance a false commvtator. 



176 DIRECT-CURRENT DYNAMOS 

In evolute windings the spiral connectors lie in two planes, 
back of one another; hence, it is necessary that the armature bars 
should project to different distances beyond the core-body, the 
shorter ones being joined to the inner layer 
of evolutes, the longer ones to the outer 
layer. For this purpose it is convenient 
to arrange one short and one long bar in a 
slot, side by side, as in Fig. 207 or in the 
finished armature of Fig. 208. 

Barrel IVindings. Barrel windings 
^' ^' f^^^g^Conduciora were devised by C. E. L. Brown in 1892, 
as an improvement upon the evolute wind- 
ings just described, and are most extensively used today. The method 
consists in arranging the conductors in two layers, so that their ends, 
instead of being carried down as evolutes, are continued out upoa an 



extension of the cylindrical surface of the armature and are bent to 
meet obliquely in two overlapping layers. This scheme, Uke the 



evolute winding, is adapted to wave as well as to lap windings. Its 
only disadvantage lies in the fact that it requires the length of the 
armature parallel to the stiaft to be greater than in the previous 
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case. Its great advantage lies in the excellent ventilation made pos- 
sible by the larger cooling surface, and by permitting air to enter the 
interior of the armature at the ends. 

A usual method of supporting the extended end-connections 
is to attach to the end of the armature body ventilated brackets, as 
indicated in Fig. 209. A simple way to construct such a winding is 
to take a long bar of copper, and bend it as shown at A, Fig. 210. 




Fig. 210. Element of Lap Winding Formed from Strip 

The bar may be opened out as in B, Fig. 210, if the winding is to be 
lap-wound, or as in Fig. 211, if the winding is to be wave-wound. 
Methods of computing the necessary length of the end-connections 
have been referred to on page 116, so that the required length of bar 
may be predetermined. In Figs. 212 and 213, finished armatures 




Fig. 211. Element of Wave Winding Formed from Strip 

of this type are represented, while in Fig. 214 they are illustrated 
diagrammatically. 

Thus far the windings have been described as formed of copper 
bars; but it is also possible to wind either of these types with wire, 
shaping the coils before placing the wire in the slots. 

Caces also occur where more than two layers of wire are neces- 
sary, either on account of the high voltage required, or to avoid harm- 
ful induction. 
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Bastard Windings, Bastard dniiU'wiDdin^ is the nAine giren 

to that class of armature windings whose end-ctHinectioas, instead of 
bong carried in toward the shaft in evtJutes or elongated c^rliDdricsUy, 



t of Triumph Geiwnitor 



are partly inward and partly cylindrical. This has the effect of 
making the length of the armature parallel to the shaft shorter than 



with the pure barrel winding. It requires, however, special formeta, 
and is applicable only to bar-wound armatures. On account of 
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better ventilation, it is usual to combine a bastard winding at one end 
of the armature, with a barrel winding at the commutator end, as in 




Fis. 219. Eiekemeyer Forawr-WouDd Coil, and Bame Beot Up 



Fig. 215; while Figs. 216, 217, and 218 show the relation of this scheme 
to the two previously mentioned. 




Fie. 220. Eiskemi 



n Former and Oponed Out 



Form^Wound Drum Windings. It was early found that hand- 
wound drums were both expensive in labor and unsymmetrical 
electrically. This re- 
sulted in the develop- 
ment of schemes For 
' arranging the winding in 

coils on formers, and then 
laying these farmed coils 

F» 221. Eick««y.r An«turo. Complete '" ^^'^ respective places 

upon the core-body. The 
individual sections of the winding are first wound and shaped upon 
a frame, or former, the wire being plain cotton-covered; and each 
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such section is again separately insulated by winding with tape, 
usually half-lapped; then baked, varnished, and baked again. 

Alioth, according to the patent records, was the first to devise 
this plan. He was followed by Eickemeyer, who in 18SS patented a 
method of winding formed coib for 
evolute windings. This method 
attained almost universal use dur- 
ing the vogue of the evolute wind- 
ing; and the first three stages in 
the construction of such a section 
are illustrated in Fig. 219; while 
Fig. 220 illustrates a later type of 
the former, and Fig, 221 a com- 
pleted armature winding built up 
of such coils. 

What the Eickemeyer coil ac- 
complishes for the evolute winding, 
may be accomplished for the bai^ 
rel winding by use of "straight- 
out" formers. Fig. 222 iUustrates 
a simple former of this type, upon which a coil for a wave winding 
has been wound and then opened out. Figs. 216, 217, and 218 
illustrate the three principal ^pes of formed windings; while Figs. 




Tis. 223. AiBUtun Body Showing Coilt u PUoed in PoutioD 

209, 223, and 224 illustrate successive stages in the construction of 
a barrel-wound armature using formed coils. 

Ring Windings. These windings are almost always hand- 
wound, because the connections at the ends are not nearly so com- 
plicated as those of a drum-winding, and the winding is in general 
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easily applied. Nevertheless care must be exercised, since the 
various sections are usually wound upon the core separately, the 
ends being left projecting. A careless workman may connect them 
so that some may generate in opposition, thus reducing the terminal 
voltage of the machine; hence it is usual to tag the ends of the coib, 
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indicating the beginning and the end of each section. Fig. 225 
illustrates a partially completed ring-wound armature, the core being 
made in two parts to fadlitate winding. 

Arrangement of Conductors In Slots. Various methods of ar- 
ranging the conductors in the slots have been mentioned. The 
most frequent plan in lai^ con- 
tinuous-current generators is that 
of putting tliem in two layers, 
either two or more in a slot Form- 
wound coils lend themselves to the 
two-layer arrangement, which, how- 
ever, is adapted to be used only 
with parallel-sided slots. Yet, by 
grouping the conductors three or 
four in a slot, as indicated in Fig. 

226, or eight in a slot, as in Fig. 

227, T-shaped teeth can] be em- 
'^ ""■ wSlSitr^'S^'*""'* ployed. It must be remembered 

that, owing to the magnetic shield- 
ing of the teeth, the conductors are subjected practically to centrif- 
ugal force only. Unless the pole-faces are laminated, the top breadth 
of the slots must be kept very narrow, i.e., not wider than 2J times 
the length of the air gap, because of eddy currents being otherwise 
generated in the pole-faces; also, if straight teeth are employed, they 
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must be kept very narrow, otherwise the high flux-density required 
in the teeth for sparkless collection of current will not be attained. 

All electric and magnetic consider- 
ations point to having the slots and 
teeth narrow and numerous; while me- 
chanical considerations impose a limit 
upon the minimum width of teeth. 
Standard practice for parallel>wound 
armatures has had to choose a mean, 
and it is usual to put four conductors in 
a slot 



Fif. 226. Three Conductor* 



COMMUTATOR AND BRUSH CONSTRUCTION 
Commutator Bars. Commutator bars are always made of cop- 
per; other metals, such as brass, iron, or steel, are not satisfactory on 
account of pitting and burning. Rolled copper is preferable, because 
of its tou^ness and uniform texture; but in some cases, on account of 
the shapes necessitated by different methcds of connection to the arma- 
ture conductors and various clamping devices, the segments are either 
cast or drop-forged, the latter being at present the commercial tj-pe. 
In order to secure a good fit, the cross-section of the bars should 
be properly tapered according to the number that go to make up the 
whole drcumference. It is ob- 
vious that if the number of seg- 
ments equals 360, each segment 
plus its insulation (on one side) 
should have a taper of 1 degree; 
while if K equals 36, the taper 
would be 10 degrees. It is not 
practicable, however, to use mica 
insulation that has not parallel 

faces; hence the segment is ta- ^- ^^- ^**'\„'^£,'J'"''°" ^"""^ 
pered, and any defect in the taper 

of the latter cannot be made good with insulation. It is found, how- 
ever, that when the number of segments exceeds 150, bars of the same 
taper can be used in constructing a commutator having either two 
more or two less than the designed number. 

Insulatloa. It is important to have good insulation between 
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each bar and its neighbor, and especially good insulation between 
the bars and the sleeve or hub around which they are mounted, as 
well as between the bars and the clamping devices that hold them in 
place, since the voltage between bars is not as great as that between 

the bars and the metal-work of the ma- 
chine. It is essential that the insulating 
material be such that it will not absorb 
oil or moisture; hence asbestos, plaster, 
and vulcanized fiber are inadmissible. 
The end insulation rings may be of 
micanite, or, if for low voltage, of that preparation of paper pulp 
known as press-board or press-^pahn. The conical rings, used to 
insulate the dovetails on the bottom of the bars from the hub, are 
usually built of micanite moulded under pressure while hot. Fig. 228 
illustrates such an end-ring, cut away to show its section. 




Fig. 228. End Insulation Ring of 
Commutator 







Ilg. 229. Common Method of Commutator Construction for Small Machines 

Commutators using air gaps between the segments as insulation 
have been tried; but, excepting in the case of arc-lighting machines 
where the segments are few in number and the air gap large, they 
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TABLE XVIil 
Thickness of Commutator Insulation 





Thickness of Mica 


Vol TAG B OF Machine 


Between neighboring seg- 
ments 


Between segments tuad 
shell and between seg- 
ments and clamping de- 
vice 


Ti^ss than 150 
Less than 300 
LeiVf than 1,000 


0.020 to 0.03 in. 
0.025 to 0.04 in. 
0.04 to 0.06 in. 


0.06 to 0.10 in. 
0.08 to 0.13 in. 
0.10 to 0.16 in. 



have not proven successful, owing to trouble in keeping the gaps free 
from metallic dust 

It is of importance that the mica selected for insulating the bars 
from one another should be soft enough to wear away at the same 
rate as the copper bars, and not project above the 
segments. Amber mica, soft and of rather cloudy 
color, is preferred to the harder clear white or red 
Indian variety. The usual thicknesses are as 
given in Table XVUI. 

Commutator Construction. For small ma- 
chines two common constructions are shown in 
Fig. 229. The commutator segments are secured 
between a bushing or hub and a clamping ring, 
the latter being mounted on the hub, and forced 
to grip the bars by means of a nut on the hub or 
by bolts passing through the ring and hub, as in 
Fig. 230. The ends of the bars are beveled so that 
the ring and bushing draw the segments closer 
together on tightening. 

The hub in small machines is usually of cast 
iron keyed to the shaft; but in large machines, 
the commutator is built upon a strong flange-like 
support or shell, bolted to the armature spider, as indicated in Fig. 212 
and Fig 231, or mounted on a separate spider secured to the shaft, 
as in Fig. 232. 

When drawn copper strip is used, the design should be such 
that the available surface for the brushes takes up nearly the whole 




Fig. 230. Construction 

of Commutator of 

Medium Size 
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length of the bar, and the beveled ends should be as simple as possi- 
ble. With drop-forged segments, this is not so important. 

In building commutators it is usual to assemble the bars to the 
proper number, with the interposed pieces of mica, clamping them 



n [or Large Michinea. Support for CommuUtor ia 



temporarilj' around the outside with a strong iron clamp, or forcing 
them into an external steel ring under hydraulic pressure. They 
are then put into a lathe, and the interior surface is bored out, after 




which the ends are turned up, with the angular hollows to receive 
the clamping pieces. The whole is then mounted with proper insu- 
lation upon the sleeve, and the clamping end-pieces are screwed up. 
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It is then heated, and the clamps still further tightened up, after 
which the temporary clamp or ring is removed and the external surface 
turned up. 

Commutator Risers. Connection is made with the armature 
conductors by means of radial strips or wires, sometimes called risers, 
which are inserted into a cut at the comer of each bar and firmly 



1 



held there by a screw clamp and solder. Figs. 233, 234, and 235 
illustrate various modes of making connection to the commutator bar. 

These risers are connected to the armature winding in several 
different ways, a^ indicated in Fig. 236. 

In some evolute windings no risers are needed, the ends of the 
evolute being fastened to the commutator as indicated in Fig. 208. 
Similarly, in the case of barrel-wound armatures, no risers are needed 
if the commutator diameter is very nearly that of the armature. 

Bruges and Brush-Rigging. As we 
have seen on page 48, carbon brushes 
are almost the only type that is now con- 
sidered. Their shape depends upon the 
type of brush-holder selected, and upon 
whether the brushes are applied to the 
commutator radially or at an angle cf 
46". Fig. 237 illustrates various shapes. 
The mechanism for holding the brushes 
must fulfil the following requirements: 

1. The brushes must be held firmly against the commutator, while 
allowiDit them to follow any irregularity in the contour of the latter without 
jumping away. 

2. The raechanism must permit of the brushes being withdrawn while 
the commutator ia rotating, and must feed them forward as required. 




Fig. 235. Melhoda o 
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3. Spring pressure must be odjuatable, aod the tpring mvil not carry 

4. The springs must not have too great inertia, in order that they may 
readily fulfil condition 1, in regard to following the commutator. 



i 




I 



ifl 



Flf. 236. ^ Mflthodi of Conneotlng Commi 



5. Insulation must be very thorough. 

6. The mechanism must be so arranged as 1 
of the brushes Ijeing shifted, 

7. All parts must be firm and strong, so as no' 
chattering as the result of vibration while running. 



permit of the po«tion 
to pormit of the brushes 



The commercial forms of hold- 
ers for carbon brushes may be 
classified under three types: hinged 
structures; parallel spring holders; 
and reaction holders. 

Fig. 238 illustrates a kinged 
brush-holder, and an arm holding 
several. The carbon moves in a 
light frame, being held against 
the commutator by a spring 
whose tension may be adjusted. 
Connection between the brush 

Fie. 237. Various Forms of Carbon Bruibea i ..l i i i • i i 

■ and the holder is made by means 
of a flexible lead,tinned_ and laid in a slot in the upper part of the 
carbon. A metal cap placed over the top and sweated in place 
makes a permanent contact. This is shown by the two illustrations 
of the brush. 
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Fig, 239 illustrates a ■parallel-inovemeni type, which is also 
shown in Fig. 145, page 126. The brush is held firmly in the holder 
by a clamping screw, the whole arrangement then being pressed 
against the commutator by the spring, whose tension may be varied 
by means of the adjusting screw. Connection is made between the 
brush and the stationary part of the holder by means of two sets 
of ro!!ed-copper leaves which at the same time act as flexible joints. 

In Fig. 240 is shown a reaction type of brush-holder. The 
brush C is pressed against the commutator by the adjustable spring 
L, the holder B being secured firmly to the rocker arm P by means 
of the set-screw q. The brush is furnished with a dovetail-shaped 



Tit- 238. Bnub Rigging and Bruehea 

groove along its entire inner edge into which a screw in the face of 
the holder B is fitted. 

Rockers and Rocker Arms. For small machines the rocker 
is usually clamped upon a shoulder turned upon the bearing pedestal 
as indicated in Fig. 239. For large multipolar generators, the 
rocker arms, that is, the rods on which the brush-holders are held, 
are fixed at equidistant points around a cast-iron rocker ring, which 
is itself supported on brackets projecting from the magnet-yoke. 
This construction is shown in Fig. 241. 
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Pig. 336. PiriUel- Movement Type of Briuh-IIoldor 




Kig. 2W. ReaclionType of Bnub- 




Fi(. 141. Rocker Rjoa and Bni9h-Geu 



FIe- 2<S. Swestlns Log 
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Sweating Lugs and Terminal Tliimbles. Among the details of 
brush gear are the contrivances for bringing the current to and from 
the brush pillars or rocker rings. This is usually accomplished by 
the use of large, flexible connections made of stranded copper wire 









m 


A 




\ 1 ! 1 
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Fig. 243. Sweating Thimbles on Terminal Board 

well insulated. It is necessary that all such flexible leads should 
make good contact at their ends to solid metallic pieces. On the 
rocker are usually provided sweating lugs, Fig. 242, of copper or brass, 
into which the ends of the flexible cable are sweated. Their other 
ends are then sweated into suitable thimbles or sockets on a terminal 
board. Fig. 243, which is attached to some convenient point on the 
magnet frame. 

CONSTRUCTION OF MECHANICAL PARTS 

Bearings and Pedestals. Bearings for generators are always 
made divided, so that the armature can be lifted into and out of its 
bed, and usually with steps of brass or gun-metal seated in an ap- 
propriate pedestal. Often the pedestal is made in two parts bolted 
together, the joint occurring at the level of the under side of the 
armature to admit of the latter being withdrawn, and affording a 
resting point during removal. Where long bearings are used, they 
are sometimes made of cast iron with a Uning of Babbitt or similar soft 
metal, such anti-friction metal being cast in hollows in the cast-iron 
step prepared for that purpx)se. In the case of generators whose 
armature? are mounted on the end of the engine shaft for direct 
driving, only the outboard bearing, if any, is provided by the gener- 
ator manufacturer, the other being part of the engine; while in some 
cases the armature is overhung and requires no outer bearing, as in 
Fig. 244. 

In cases where the bearing is very long, it is necessary that the 
bearing be made self-aligning, by providing it wth an enlarged 
central portion of spherical shape, Fig. 245, held in a spherical 
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seat formed in the pedestal by turning, milling, or by casting Babbitt 
or other fusible metal around it, thus allowing the bearing to adjust 
itself to the exact direction of the shaft. The upper half of the box 
can be taken off to facilitate renewal, etc. Fig. 246 also shows a 
bearing of this type; while in Fig. 247 b a simple bearing showing 
the division of the pedestal. 

Ball-iearings have recently been applied to generators and mo- 
tors — particularly the latter, on account of their low static friction. 
Where space and low friction 
losses are essential, and where 
there is little lateral dragging due 
to belts, these bearings have given 
excellent results. 

Figs. 248 and 249 show ball- 
bearing mountings for horizontal 
and vertical motors, respectively. 
The section at the left of Fig.248 



Fi(. 244. Direct-ConnectAd Oeneratoi with Fic- Z4S. adl-Oilinc Beaiini 

OverbuDi Aimaturo 

is for the pulley end, while that at the right is for the commutator end. 
Fig. 249 shows a form of mounting for vertical motors. It is differ- 
entiated from the horizontal type, simply by the introduction of devices 
for keeping sufficient lubricant in the bearing to permit the balls al- 
ways to drop through it. Fig. 250 illustrates a sideview of a portion 
of one of these bearings, showing the steel balls with elastic separfr* 





F^. 24fl. Self-AlitniDB Spherical Bern 





Tig. !47. Selt-OEUng Bearing for Commutator End 
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tors between them. The separators contain felt plugs which inddent- 
ally store up lubricant to guard the bearings for a time agfunst neglect. 

An advantage that attends the use of these bearings is that tfae 
feature of uon-wear permits making them oil-proof and dust-proof 
without the usual added complications. 

Lubricators. Provision must be made for supplying the bearings 
with oil or grease, and for this purpose it is usual to provide an oil- 
well in the hollow casting of the pedestals, into which the oil drains 
from the brasses. Self-lubricating bearings are now almost uni- 
versal in the ordinary types of generators. Fig. 245 illustrates one 
of this type. The rings here shown revolve with the shaft, being 
dragged around by the latter, and feed it with oil, which they con- 



Fig. 348. Boll-Beuiog MoimUoc lor Boiiiootd Mator-Sb»lt 

tinuously bring up from the reservoir below. The dirt settles to the 
bottom and the upper portion of the oil remains clean for a long 
period, after which it is drawn off through the spigot, and a fresh 
supply poured in through openings provided at the top. The latter 
are often located directly over the slots in which the rings are placed, 
80 that the bearings can be lubricated directly by means of an oil- 
cup, if the rings stick or the reservoir becomes exhausted. 

Bed-Plates. In most cases a generator is supplied with a cast- 
iron base or bed-plate which supports the bearings and magnet-yoke. 
It consists of a simple box, open at the bottom in order to give stiff- 



ness without great weight. It must be sufGdently ripd to withstand 
anj' reasonable strain without bending. 



In belt-connected machines the 
iron base usually rests upon rails 
bolted to the foundations, the base 
being arranged to slide back and 
forth upon these rails in order to 
regulate the tension of the belt by 
means of set-screws. A direct-con- 
nected generator of small or me- 
dium size is usually bolted to an 
extension cast-iron base or sub-base 
of the engine. In some cases a 
generator and engine are coupled 
together, each being complete in 
itself and having its own base. Very large direct-connected genera 
ators and engines are set on separate foundations. 




e View of B«n-Be»rli»« 
iowin« SUcl BbIIi with 
inlon between Them 
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STUDY OF A CONTINUOUS-CURRENT GENERATOR 

The design of a generator may be considered in the light of a 
problem in which it is required to produce a machine which shall 
operate satisfactorily at all loads from no load to 50 per cent overload, 
which shall be efficient and shall conform to the conditions of prescribed 
speed, voltage, and current output. This involves the theoretical 
and practical features already considered. In order to guide the 
student, it has been thought advisable to follow through the com- 
plete design of a particular modem generator. No hard-and-fast 
rules can be given covering all cases which come up, so that the follow- 
ing tables should be used only as guides, each machine requiring a 
separate solution of the general problem. 

Specifications. To design a continuous-current generator, it is 
sufficient to be given the capacity of the machine in Idlowatts, the 
terminal voltage at rated load (also at no load, if compound-wound), 
and the speed of rotation of the armature, although Table XIX 
will supply the latter quantit}^ if absent. Let us assume for the pur^ 
poses of this design, shown in Figs. 251 and 252, the following spec- 
ifications: 

Kw. output 150 

Terminal volts, rated load 250 

Terminal volts, no load 240 

Armature r. p. m 225 

The generator is direct-connected to the engine driving it, and 
it must be compound-wound in order that its terminal voltage at 
rated load shall be 10 volts higher than at no load. 

Since the generator is rated at 150 kw. at 250 volts, the rated 

load current will be 

150 X 1,000 „^ 

or A = "W amperes 

Number of Poles. We must decide upon the number of poles. 
This may be fixed either with a view to keeping down the iron losses 
in the armature, or to keeping the current collected per brush set 
low. In the former case, the frequency of magnetic reversal should 
not exceed 20 per second in shunt-wound machines, and 25 per 
second in compound-wound machines. The frequency of magnetic 
reversal is equal to the pairs of poles multiplied by the revolutions 
per second. In the second case, in order that the current may be 
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TABLE XIX 



Relatfcm of Ontput to Speed of Dlrect*Current Qenerators 



Capacitt 

(tn kw.) 


DiRBCT-CON NECTED 

Generators 
r. p. m. 


Low-Speed 

Belted Generators 

r. p. m. 


High-Speed 
Belted Generators 
r p. m 


1 

2- 

5 

10 

15 

20 

30 

40 

60 

80 

100 

150 

200 

250 

300 

350 

400 

500 

600 

700 

800 

1,000 

1,200 

1,400 

1,600 




700 to 1,400 
670 to 1,250 
640 to 1,170 
610 to 1,050 
580 to 960 
550 to 900 
510 to 800 
480 to 740 
460 to 660 
450 to 620 
440 to 590 
420 to 540 
395 to 495 
380 to 460 
360 to 435 
345 to 410 
325 to 380 
- 295 to 335 
275 to 300 


1,400 to 2,800 

1,250 to 2,450 

1,170 to 2,200 

1,050 to 1,950 

960 to 1,770 

900 to 1,650 

800 to 1,450 

740 to 1,320 

660 to 1,110 

620 to 975 

590 to 850 

540 to 700 

495 to 625 

460 to 570 

435 to 520 

410 to 475 

, 380 to 440 

335 to 380 

30O to 325 




400 to 800 

340 to 480 

305 to 415 

270 to 385 

230 to 355 

200 to 340 

175 to 325 

140 to 310 

120 to 290 

110 to 250 

100 to 230 

92 to 205 

86 to 180 

80 to 160 

76 to 140 

70 to 124 

,66 to 112 

V 62 to 105 

^m to 100 

59 to 92 

58 to 88 

56 to 86 

55 to 84 




• 












• 









commutated sparklessly, not more than 200 amperes ought to be col- 
lected by each brush set; or the current output of the machine di- 
vided by the number of poles should not exceed 100. 

We find from the first criterion that the number of poles 

= 25 X 60 = 25 X 60 = 
^ > r. p. m. > 225 > 

And from the second criterion 

9 =600=. 
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TABLE XX 
Relation of Capacity and Type to Number of Poles 



Type 


Output in Kilowatts 


Number of Poles 


Direct-Connec ted 

Low-Speed, Belted 
High-Speed, Belted 


1 to 2,030 
15 to 400 
90 to 400 
200to 900 
300 to 1,800 
600 to 2,200 
800 to 2,500 

1 to 600 
15 to 600 

1 to 20 

1 to 200 

60 to 800 


4 
6 
8 
10 
12 
14 
16 

4 
6 

2 
4 
6 



To be quite sure of avoiding trouble as to sparking, and since an 
odd number of poles cannot be employed, let us take 8 poles, which, 
as we see from Table XX, is good practice for this size and tj^pe of 
machine. 

Diameter and Length of Armature. The diameter of armature 
is limited by the peripheral speed allowable, Table XXI. It is also 
dependent upon the size of the magnet-poles and their number, the 
size, number, and arrangement of the armature conductors, and the 
output of the machine, the length being also a function of these quan- 
tities. Various empirical formulas have been proposed for com- 
puting the length and diameter of armatures, but they all contain 
constants whose values must be learned by experience. 

TABLE XXI 
Peripheral Velocities of Direct-Current Armatures 



Type op Genrrators 


Peripheral Speeds in Feet per Minute 


Minimiiin 


Mean 


Maximum 


Bipolar high-speed, belted 
Multipolar high-speed, belted 
Multipolar slow-speed, belted 
Direct-connected 


2,000 
3,500 
2,000 
1,800 


3,000 
4,000 
2,800 
2,400 


3,500 • 
5,500 
3,500 
3,300 . 
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Capacity 
(kilowatts) 


Outside Diameter (in inches) 


Ratio oi 


' Length to I 


Diameter 

j 


Minimum 


Mean 


Maximum 


Minimum 


Mean 


• 

Maximum 


1 


4 


7 


10 


0.36 


0.65 


0.80 


2 


5 


8 


11 


0.36 


0.64 


0.80 


5 


6 


9 


12 


0.36 


0.63 


0.80 


10 


8 


11 


15 


0.35 


0.62 


0.80 


20 


11 


14 


19 


0.34 


0.59 


0.80 


30 


14 


17 


23 


0.33 


0.56 


0.75 


50 


17 


21 


29 


0.31 


0.52 


0.71 


75 


20 


25 


35 


0.28 


0.48 


0.67 


IGO 


22 


29 


40 


0.26 


0.44 


0.63 


150 


26 


34 


46 


0.23 


0.40 


0.58 


.200 


30 


38 


51 


0.22 


0.38 


0.55 


300 


34 


44 


60 


0.21 


0.36 


0.52 


400 


38 


49 


65 


0.20 


0.34 


0.50 


500 


40 


64 


66 


0.20 


0.32 


0.49 


600 


43 


57 


68 


0.19 


0.30 


6.48 



*It is to be noted that for any given output and speed, the in-oduct of the diam- 
eter by the length of the armature is practically a constant. 

For this reason it has been thought advisable to append tables giv- 
ing current practice in regard to the diameters and lengths of arma- 
tures, trial values being selected from these. 

In the design which we are considering, let us assume a peripheral 
velocity of, say, 2,650 feet per minute. At the required armature 
rotative speed of 225 r. p. m., this will give us a diameter of 



2,650 X 12 ^ 
225 Xt: ^ 



m. 



which we see by Table XXIII to be about right, Fig. 253. Assuming a 
length 29 per cent of the diameter, we get 

45 in. X 0.29 = 13 in. 

Magnetic Flux per Pole. After deciding upon the number of 
poles 2p, the diameter, d, and the length, /, of the armature, we 
may obtain a trial value for $, the magnetic flux per pole entering 
or leaving the armature, by assuming proper values for the mag- 
netic flux-density in the air gap and the surface of the armature 
covered by the poles. The flux-density in air gap varies from 40,000 



^n 
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TABLE XXIll 
Diameters of Direct-Connected Armatures* 



Capacity 
(kilowatts) 


Outside Diameter (in inches) 


Ratio of 


Lenoth to Diameteb 


Minimum 


Mean 


Maximum 


Minimum 


Mean 


Maximum 


5 


15 


20 


25 


0.15 


0.25 


0.50 ^ 


15 


17 


22 


27 


0.15 


0.2o 


0.48 


25 


18 


24 


29 


0.15 


0.25 


0.46 


50 


21 


27 


34 


0.15 


0.25 


0.44 


75 


24 


30 


39 


0.15 


0.25 


0.42 


100 


26 


34 


44 


0.15 


0.25 


0.40 


150 


31 


41 


52 


0.14 


0.24 


0.38 


200 


35 


47 


61 


0.14 


0.23 


0.36 


300 


44 


58 


77 


0.14 


0.22 


0.34 


400 


52 


69 


89 


0.14 


0.21 


0.32 


500 


60 


80 


100 


0.13 


0.20 


0.30 


600 


67 


87 


108 


0.13 


0.19 


0.28 


700 


74 


05 


115 


0.13 


0.18 


0.26 


800 


80 


100 


121 


0.13 


0.17 


0.24 


900 


87 


107 


127 


0.12 


.0.16 


0.23 


1,000 


92 


112 


131 


0.12 


0.16 


0.22 


1,200 


100 


120 


140 


0.12 


0.15 


0.21 


1,400 


116 


130 


148 


0.11 


0.15 


0.20 


1,600 


122 


133 


152 


0.11 


0.14 


0.19 



*It is to be noted that for any given output and speed, the product of the diam- 
eter by the length of the armature is practically a constant. 

lines to 55,000 lines per square inch, as given in Table XXV, 
while a usual value for the fraction of the armature covered by the 
poles is -^ = 0.75. We may then write 

$=B^XdX;:X/X^-5-2/> 

Assuming in our case, -^ = 0.72, and B^ = 46,000, we have 

$ = 46,000 X 45 X 13 X 3.1416 X 0.72 ^ 8 = 7,600,000 

as the assumed flux entering the armature. The value thus found 
will retjuire adjustment after Z has been determined, the fundamental 
equation of dynamo-electric machines being used for this purpose. 
From equation (12), page 65, this is 



That is 



/A ^ L^ ZXr.p.m. X*X2p 

(Average) L = - — - - ~ 

^ ^ ^ 60 X 10« X c 

^ EXcx mx io» 

Z~X2pXr,p,m. 
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Number of Armature Conductors. Having obtained a trial 
value for the magnetic flux per pole, we can compute the correspond- 
ing value for Z from the preceding formula, adjusting $ and Z 
until the latter comes out properly for the winding selected, Table 
X, page 114. In our case 

_ 263.5* X 8 X 10* X 60 .^ . . ... ., , , 

^ = 225 X 7,600,000 X 8 = ^^4 (say 928 as a tnal number) 

Number of Commutator Segments. This is, of course, equal to 
the number of conductors divided by 2, 4, 6, etc., although in all but 
the smallest modern machines X = Z -5- 2. The considerations 
which fix the number have been discussed on page 122. Hence we 
have 

K = 928 -5- 2 = 464 commutator segments 

Size of Commutator. As a rule the diameter of the commutator, 
Fig. 254, should be at least three-fourths that of the armature, while for 
large machines, it should be from 12 inches to 18 inches smaller than 
the armature. Using this as a trial value, divide the periphery' by K 
to see whether the width allowed per segment is suitable. This 
should be about 0.2 to 0.8 inch, inclusive of insulation between seg- 
ments. The necessary provisional length may be found by assum- 
ing that the (carbon) brushes will cover from 2\ to 3 segments, and 
that about 40 amperes may be collected by each square inch cf 
brush-contact area. A margin should be added to this, the working 
facel (See page 123). The result so obtained should be checked 
later when the watts lost in commutator heating have been estimated, 
by seeing whether the surface of the commutator is sufficiently large 
to dissipate the heat generated without undue temperature-rise. 
(See page 126). A commutator ought to have about 0.4 square 
inch of peripheral surface per watt to be dissipated. 

Having decided in our case that the commutator shall have about 
464 segments, and as each segment plus the necessary insulation 
cannot be less than about 0.2 inch wide at the face of the armature, 
the periphery of the commutator must be at least 464 X 0.2 = 92.8 
inches long. That is, the diameter should be about 92.8 -r- tt = 29.5 
inches. 



*Note. — Corrected to provide for lost volts (see pages 140 and 141 and Table XVIII, 
page 141). 
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Allowing 40 amperes per square inch of brush contact, and 
assuming that a brush covers 3 segments, we have for the net length 
of the commutator, parallel to the shaft, 

^™ " 3 X 0.2 X 40 " ^-^^ '''• 



'com 



each brush set collecting 150 amperes, as there are 4 pairs of brush 
sets and the total current output of the machine at rated load is 
600 amperes. Adding to the length thus obtained } as a margin, 
we have as the length of the commutator 

6.25 ( 1 + 0.33) = 8.3 inches 

Commutator Brushes. Allowing 40 amperes per square inch 
of brush contact, the area of all the positive (or negative) brushes 
«= 15 square inches, i.e., 3| square inches per set. Let us have 3 
brushes 3 inches long, 2J inches wide, and J inch thick per set. 
From the curve of Fig. 142, page 124, brush-contact drop = 1.5 volts. 

Style of Armature Winding. We must now settle upon the type 
of armature winding to be employed. Modern practice tends toward 
preserving the utmost simplicity, that is to say, it favors the lap- 
wound drum executed as a barrel winding so as to have ample cooling 
surface, the conductors being in two layers so as to take advantage 
of form winding, and placing two, four, six, or eight conductors in 
each slot. 

Choosing in our case a simplex, singly re-entrant, lap-wound 
drum winding, the maximum winding pitch will be yf= 115; y^ = 
— 113, since we must span about J of the periphery, there being 
eight poles. Compare page 114, Table X. As we have assumed a 
pole span of about 0.75, the minimum values would be about y^ = 
87; y^ = —85. Assuming that the conductors are placed 8 in each 
slot, there will be about 14 slots to the pole-pitch, requiring the coils 
to span 14 teeth if we select the largest possible value of the winding- 
pitch, and 10 teeth if we select the smallest value. Suppose, 
therefore, that we span over 13 teeth, in which case we shall have 
jy^= 107; I/, = -105. 

Apportionment of Losses and Checking Size of Armature. W^e 
must apportion the losses in order to check up our previous computa- 
tions in regard to permissible heating limits. Assuming an eflSciency 
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of 92 per cent, Table XVI, we may allow 2.2 per cent for armature 
copper loss, 1.6 per cent for armature iron loss, 2.75 per cent for 
excitation loss, 1.05 per cent for commutator loss, and 0.4 per cent 
for friction loss, as suggested by the above-mentioned table. The 
periphery of the armature being 45 X ?r = 141.4 inches, and the 
length over conductors being 27 inches*, the total cylindrical radiating 
surface will be 141.4 X 27 = 3,820 square inches; and as the total 
armature losses are assumed to be 1.6 per cent + 2.2 per cent = 

3.8 per cent, or 0.038 X ' = 6,200 watts, the peripheral sur- 

face will have to dissipate 6,200 -r- 3,820 = 1.63 watts per square 
inch. As the peripheral speed is assumed to be 2,650 feet per minute, 
we see from curve C, Fig. 140, page 120, that the probable tempera- 
ture-rise will be 26^ X 1.63 = 42.5° C, which will not be too high, 
since 50° C. rise is permitted by the Standardization Rules of the 
American Institute of Electrical Engineers. A useful and fairly 
accurate empirical rule states that the exposed surface of the arma- 
ture should not be less than 24 square inches for each kilowatt of output. 
Hence, we should need 24 X 150 = 3,600 square inches. As the 
armature has 3,820 square inches, there should be ample surface. 

Number and Dimensions of the Slots. We may now settle upon 
the number and dimensions of the slots. The former depends upon 
the type of winding used and upon the number of commutator seg- 
ments. It is almost universal practice to wind all but small arma- 
tures with copper strip, the current-density varj'ing from 2,000 
to 3,000 amperes per square inch. Assuming, in our case, 2,700 

CiTlfi 

amperes^per square inch, we require a conductor -^ 2.700 = 

0.0278 square inch in cross-section (say 0.028 square inch). As we 
have decided to place the conductors 8 in a slot, page 206, the total 
copper section per slot will be 8 X 0.028 = 0.224 square inch. As- 
suming a space-factor, page 83, of, say 0.34, we have as the area of 
the slot, 0.224 4- 0.34 = 0.66 square inch, nearly. As there will 
be 928 ^ 8 = 116 slots -which is within the limits set bv Table 
XXIV — and an equal number of teeth in a total perimeter of 141.4 
inches, the width of a slot and a tooth at the face of the armature 

*Aa8i]ming length over conductor of barrel-wound armatures to equal twice length 
over core. 
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TABLE XXIV 
Number and Size of Armature Slots and Teeth 



Diameter op Ar:jature 
(in inches) 


Number of Slots or Teeth 


Depth of Slotb or Tketb 
(in inches) 


10 


25 to 75 


0.40 to 1.70 


20 


50 to 135 


0.60 to 1.80 


30 


75 to 190 


0.80 to 1.90 


40 


95 to 240 


1.00to2.00 


50 


110 to 280 


1.10 to 2.05 


60 


125 to 320 


1.20 to 2.10 


80 


150 to 400 


1.30 to 2.20 


100 


175 to 450 


1.35 to 2.25 


120 


190 to 500 


1.40 to 2.30 


140 


200 to 540 


1.46 to 2.35 


160 


210 to 580 


1.50 to 2.40 


^ . Depth of slots , - . . 
Ratio z—-ri, — r—, — 1 irom 1 . 5 to 4 
Width of slots 


„ . Width of slot , ^ ^^ 

Ratio „^. ■ , — ;: , from . 75 to 1 . 5 

Width of tooth ' 



cannot exceed 141.4 -r 116 = 1.22 inches. Making the ratio 

Width of slot - -o u *u 'A^u 9 4. *u 1-22* 

r=7rT-i — s r = 1-18, we have the width of a tooth = -—,— ^rz. 

Width of tooth 1 + 1.18 

= 6.56 inch, so that the width of a slot is 1.22 — 0.56 = 0.66 inch. 
Hence the depth of the slot will be 0.66 square inch -h 0.66 inch 
= 1 inch, Fig. 255. These values for the sizes of slots and teeth 
are seen to lie within the limits suggested by Table XXIV. 

An. enlarged drawing of the slot, showing to scale the arrange- 
m2nts of conductors, is now made. Fig. 256. Each conductor is 
wrapped with tape to a thickness of 30 mils on each side, and allow- 
ing a slot insulation at each side of, say 24 mils of press-board — ^two 
thicknesses, and a wrapping for four conductors of manila 25 mils 
thick— each conductor must be 80 mils wide, which leaves a clearance 
of 2 mils. The depth of conductor will be 0.028 -;- 0.080 = 0.35 
inch, or 350 mils. Allow, say 12 mils of press-board between the 
upper and lower layers, and 60 mils between the lower layer and 



•Or let X = width of slot; y = Width of tooth. Then x + y = 1.22. and -- = 1.18. 

1 12 ^ 

Hence x =1.18 y; and we have y + 1.18 y = 1.22, or j/ = ' • 

1 + 1.1 o 
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the bottom of the slot. We may then account for the contents of 

a slot as follows: 

Width 

4 Conductors side by side, bare 4 X 0.080 = 0.320 inch 

8 Thicknesses of taping 8 X 0.030 « 0.240 inch 

2 Thicknesses of slot lining 2 X 0.024 = 0.048 inch 

2 Thicknesses of manila 2 X 0.025 = 0.050 inch 

Total 0.558 inch 

Depth 

2 Conductors deep 2 X 0.350 = 0. 700 inch 

4 Thicknesses of tape 4 X 0.030 = 0. 120 inch 

4 Thicknesses of manila paper 4 X 0.025 = 0. 100 inch 

6 Thicknesses of lining 6 X 0.012 = 0.072 inch . 

Total 0.992 inch 




\ ^ 



<^ ^^ 4.-3ecMona 

8d-dJof9 per Section. 





952 -.OZZ- Tran5foniwr9MAKl*99'A- 
952 - .022' Transfomwr dtcd Piaich«es 'B" 
900*. 003' PhparPuncMi0». 

16 - . IC Transformer Sfeel PuncMon 'A* 

12 -.022- TransforinerSiMiSptfarPUid^''A* 
34«-J0076\feRtihior3. 
696 -.25167 Stub. 

Fis. 255. Lamination Stamping of Armature Whose Construction, is Described in Text 

Now, the length of one armature turn — found by 
drawing the winding to scale and then measuring it — is 
87.5 inches. The resistance of a copper conductor 
whose area of cross-section is 1 square inch, and whose 
length is 1 foot, at 50° C, is 0.000009088 ohm. Thus, 
we have as the total resistance of the armature winding 
at 50° C. far' 0.000009088 X length of one armature 



Conduct 3ft5 



TAP1N& ^ 

5lot Ui UNO ^ 
Manila ?^pcr « 



FULL 



I 



IZE. 



\ 



Z X". : — : 2 

turn in feet X -^r--;- 1 circuits in parallel X area of one 



Fig. 256. Sec- 
tion of Part of 
an Armature 
Slot 
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TABLE XXV 
Plux-Oensitles in Armature Cores 



Type 


Fldx-Densitt (in lines per square inch) 


Bipolar drum-core 
Bipolar ring-core 
High-speed multipolar ring-core 
Slow-speed multipolar ring-core 


60,000 to 90,000 
65,000 to 95,000 
45,000 to 85,000 
65,000 to 97,000 



conductor in square inches, I or substituting, 

0.000009088 X 87.5 X 464 



^a = 



64 X 0.028 X 12 



= 0.0172 ohm 



Internal Diameter of &)re. The internal diameter of the core 
may now be fixed by ascertaining the requisite radial depth of the 




l.»ANOUNO AMMAlUK 
&IJOT Obft'»r<M 
I" OltF 



Fig. 257. Dimensioned Diagram of Magnetic Circuit of Generator Whose Construction is 

Described in Text 

core to give an adequate cross-section of iron below the teeth. 
Fig. 257. The final value of this depends upon the permissible 
iron-loss, which limits the flux-density possible. Table XXV 
gives values for average flux-densities in armature cores; and as 
our design contemplates a slow speed multipolar ring-core ar- 
mature, we may select a flux-density of, say 83,000 lines per square 
inch. 
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Now the flux through the armatiu'e core at rated load is J $ = 
— — ~ = 3300,000, so that the area of cross-section of the anna- 

ture core will be 3,000,000 -5- 83,000 = 45.8 square inches. The total 
length of the armatiu*e core over laminations being 13 inches, we 
have the net length = 10.575 inches, allowing 10 per cent of the gross 
length for insulation between the sheets, page 74, and 1.125 inches 
for 3 ventilating slots, each f inch wide. Hence the radial depth of 
the armature will be 45.8 -5- 10.575 = 4.35 inches, say 4i inches. 
The internal diameter of the armature is, therefore, 45 — (2 X 4.25 
+ 2 X 1) = 34.5 inches. 

Dimensions of Air Qap. In assigning a length to the air gap, it 
should be borne in mind that this portion of the magnetic circuit of 
continuous-current machines is not a mere clearance, as in some 
alternating-current motors. It plays a definite part in the process 
of conunutation. It has been found by experience that a long 
air gap, though it necessitates more ampere-turns upon the field- 
magnets, is of advantage in conunutation, as it offers an ob- 
stacle to the distortion of the useful flux by the reacting ampere- 
turns of the armature. Similar results ensue by making the flux- 
density in the armature teeth high; and it is found that the siun 
of the ampere-turns required for the air gap and armature 
teeth per pole must bear a certain proportion to the number 
of ampere-turns of the armature under one pole-face at rated 
load. 

Now, since the ampere-turns needful for the air gap are propor- 
tional to the length of the gap Ig and the flux-density in the gap B^, 
the following simple approximate formula for the requisite gap- 
length can be given, assiuning that the ampere-tiu-ns needful for the 
teeth bear some definite proportion to those needful for the gap — ^f or 
instance, that they are equal to 25 per cent of the latter at rated load: 

I ^k X-^ 

where Jk^, the stiffness coefficient, varies from about 4 to 8.5 — ^the 
lower value applying to cases where the saturation of the teeth ex- 
ceeds 130,000 lines per square inch; d = diameter of armature; 
q = number of ampere-conductors per inch of periphery of armature; 
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TABLE XXVI 

Approximate Values of Density in Air Qap with Multipolar Machines 

Havlns^ Slotted Armatures 



Output op Machine 


Density in Air Gap 


(in kilowatts) 


(in lines per sq. in.) 


1 


30,000 


5 


35,000 


10 


37,500 


25 


40,000 


50 


42,500 


100 


45,000 


200 


47,500 


300 


50,000 


600 


53,000 


1,000 


56,000 


2,000 


59,000 



and 2p = number of pairs of poles. Making k^ = 5, in our design, 

we have 

928 X 75 



Z^=5X 



141.4 



X45 



= 0.302 inch (say ^V iiich) 



8 X 46,000 

The flux-density in the air gap B^,, is found in Table XX\^. 

Dimensions of Magnet-Pole Cores* These must have suffi- 
cient cross-section to carry the flux required at rated load, in- 
cluding that which forms by leakage — ^the stray flux. The densi- 
ties in this portion vary from 75,000 to 100,000 lines per square 
inch, Table IV, page 73, and the usual leakage coefficients are 
given in Table III, page 71. The length of the core must be 
sufficient to carry the field-exciting winding; and, as a trial value, 
we may take this equal to from | to 1 times the diameter (if the 
core is cylindrical), reducing the value so assumed, if necessary, 
later on. In case the core is not cyUndrical, we may take the 
length of the pole-core as 20 times the length of the air gap if the 
machine is shunt-wound, and 40 times the length if it is compound- 
wound. 

In our case, the total flux entering the armature at rated load 
was assumed to be 7,600,000 lines; and if we assume a leakage co- 
efficient of 1.09, the total flux in the pole-cores will be 7,600,000 X 
1.09 = 8,300,000 lines at rated load. Assuming a flux-density in 
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the pole-cores of 96,000 lines per square inch, we have 8,300,000 
-T- 96,000 = 86.5 square inches as the area of cross-section of a pole- 
core^ Making them drcular in cross-section, we have 2 K86.5 -5- t: 
= 10.5 inches, as the diameter of the pole-cores, Fig. 258. Making 
the radial length of the cores three-fourths the diameter, we get J X 
10.5 = 7| inches, as a trial value. The details of the pole-shoes 
are given in Fig. 259. 

Cross-Section of the Yoke. We may now decide upon the req- 
uisite area of cross-section of the yoke, this being fixed when we 




OMpersedesNa 1560-0 



^"""-f^'n^ 



Fig. 259. Make-Up of Pole-Shoe of Generator 
Whose ConBtructiou ia Described in Text 



know the flux-density and the total flux. The latter is 8,300,000 
-5- 2 = 4,150,000, page 76; while, if we make the yoke of cast 
iron, the flux-density should be about 41,000, Table IV; 4,150,000 
-^ 41,000 = 101 square inches, say 100 square inches, making a 
flux-density of 41,500 lines per square inch. 
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Preliminary Summary. We may now collect and tabulate the 
values thus far obtained, as follows: 

General Specifications: 

Rated load, kilowatts 150 

Rated load, terminal volts 250 

Rated load, amperes 600 

Armature, r. p. m 225 

Peripheral speed of armature, in feet per minute 2,650 

Number of poles 8 

Abmature: 

Core-disks, external diameter, in inches 45 

Core-disks, internal diameter, in inches 34 . 5 

Length of core over laminations, in inches 13 

Number of slots 116 

Depth of slots, in inches 1 

V/idth of slots, in inches 0. 66 

Pitch of slots at armature face, in inches 1 . 22 

Depth of iron in core under teeth, in inches 4. 25 

Number of conductors 928 

Arrangement 8 per slot 

Style of winding Simplex parallel 

Dimensions of each conductor, in inches . 08 by . 35 

Dimensions of each conductor, insulated 0. 14 by 0.41 

Section of each conductor in square inches . 016 

Winding pitch in number of teeth 13 

Length of armature over all, in inches 27 

Commutator: 

Diameter, in inches 29 . 5 

Number of segments % 464 

Length, in inches 8 . 25 

Width of segment at face, in inches 0. 16 

Thickness of mica insulation . 04 

Field-Magnet: 

Outer diameter of yoke, in inches 77. 25 

Inside diameter of yoke, in inches 66 . 

Breadth of yoke, in inches 18.0 

All the preliminary computations having now been made, it re- 
mains to proceed with the final calculations. A scale drawing, similar 
to Fig. 258, should be made of the machine, using the trial values 
thus far found. From this, the designer will be able to judge of the 
ultimate dimensions of the machine and by its aid he will be 
able, in accordance with the principles of the preceding pages, 
to make a complete set of calculations for excitation, heating, 
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TABLE XXVI 
Flux In Armature and Magnet-Cores for Various E. M* F*s 



Generated £. M. F. 


Flux Entering Arm atube 
FEB Pole ( ♦« ) 


Flux per Pole in Magnet 
Cores (♦a X 1.09) 


180 


5,180,000 


5,650,000 


200 


5,750,000 


6,260,000 


220 


6,320,000 


6,890,000 


240 


6,900,000 


7,520,000 


260 


7,470,000 


8,150,000 


280 


8,050,000 


8,780,000 


300 


8,620,000 


9,400,000 


330 


9,490,000 


10,320,600 


360 


10,340,000 


11,290,000 



sparking, and efficiency; this will presently be done. From the results 
. of such calculations, it is then easy to see how to alter the original 
design in order to fulfil the required conditions. 

Excitation. We shall first construct the magnetization curve 
of the machine by the method described on page 135. We have 

ZX 2pX r.p.m.X $« 



E = 



60 X 10« X c 
928 X 225 X 8 



60 X 10« X 8 



^. 



= 0.0000348 $^ 

With the aid of this equation, we may compute Table XXVI, the 
leakage coefficient of the machine being 1.09 by actual measurement. 
From the drawings. Figs. 257 and 258, we obtain the following 
dimensions: 

Mean length of magnetic path in magnet-yoke, in inches 29 

Mean length of magnetic path in two magnet-cores, in inches 15.75 

Mean length of magnetic path in armature core, in inches 10 

Mean length of magnetic path in two teeth, in inches 2 

Mean length of magnetic path in two air gaps, in inches 0.625 

Magnetic area of magnet-yoke, in square inches 100 

Magnetic area of magnet-cores, in square inches 86 . 5 

Magnetic area of armature core, in square inches 45.6 

The polar angle being 32°, we have the number of teeth under 

32° 
each pole ^^^ X 116 = 10.3, say 11 teeth, with the allowance for 



360^ 



fringing. 
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The area of the teeth under each pole may then be taken as 
11 X 0.505 X 10.72 = 59.5 square inches. 

The area (effective) of the air gap, being equal to the area of the 
pole-face, is 163 square inches. 

We now have all the data for constructing the magnetization 
curve of the machine; and in Table XXVII the ampere-tiu-ns required 
for various generated e.m.f.'s have been computed as outlined on 
pages 135-143. 

From the computed data we locate the following points on the 
scale 



E 


Ahpesb-Torns per Pair oi^ Poles 


180 


7,075 


200 


8,091 


220 


9,252 


240 


10,694 


260 


12,493 


280 


14,412 


300 


16,517 


330 


20,219 


360 


24,392 



Plotting a curve between these points, we have the magnetization 
curve of Fig. 260. 

Voltage-Drop Compensation. We have seen that the necessary 
ampere-turns at rated load will be greater than those at no load by 
an amount depending upon: 

1. The value of the IR drop in the armature and the series field-winding. 

2. The value of the brush-contact drop. 

3. Amount of armature demagnetization. 

4. Amount of armature distortion. 

The resistance of the armature winding at 50° C. was found to 
be 0.0172 ohm; and the rated-load current being 607 amperes, the 
IR drop will be 607X0.0172= 10.5 volts. The current in the brushes 
being 40 amperes per square inch of contact, we have from Fig. 141 
the drop due to brush contact =1.5 volts. Allowing 1.5 volts for 
drop in the series field-winding, we see that the machine must generate 
250 + 13.5 = 263.5 volts at rated load. 

Finding this point on the scale of ordinates of the curve, Fig. 
260, we find the point X^ on the scale of abscissae, which corresponds 
to the ampere-turns required per pair of poles at rated load if arma- 
ture reaction were entirely absent. This makes X^ = 12,830. 
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At rated load the brushes are given a lead of 5 segments, that is, 
a lead of 8.6 per cent. Hence, the percentage of demagnetizing 
ampere-turns = 17.2 per cent of the total armature turns. As there 
are 464 turns on the armature, each carrying 75 amperes, the demag- 
netizing ampere-turns per pair of poles will be 

^^ X ^f X ■''' = 1496.4 
4 

Multiplying this by the coefficient of magnetic leakage, the com- 
pensating ampere-turns per pair of poles will be 1.09X 1496.4= 1,631. 
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Ampere -Turns Required per Parr of PoleA 
Fig. 260. MagnetiBBtion Curvo of 150-K'w. 250- Volt Generator, 225 R.P*M. 

Adding these to X^, we find ^3= 14,461, assimiing, for the 
moment, that there is no drop in pressure due to diminished per- 
meability of the teeth at the forward pole-horn. For this latter we 
must allow, as explained on pages 141-144. 

We have the distorting ampere-turns per pair of poles 

^ J ij^ ._j^ ^ ^203 Therefore, set of! 7,203 ampere- 
turns on each side of the point A", upon the scale of abscissae, and 
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thus obtain the points A and B, which represent the hind ward and 
forward pole-horns, respectively. If the distortion of the main flux 
were absent, the latter would be proportional to the area ABCD; 
but as it is not so, it is proportional to the smaller area A ELK, In 
order to make this area equal to that of the rectangle, we must shift 
the point F higher up the curve to some such position as f , so that 
area A'B'VK' = area ABCD, In this manner we obtain the 
point X^ = 15,700 as the necessary number of ampere-turns per 
pair of poles at rated load. 

Shunt Field-Winding. From Fig. 260 we see that 1 0,700 ampere- 
turns are needed when the terminal voltage of the generator is 240 




E-773I-E- 
Connectorai 



Pleid Coil SfACfir 
* 12802 



Tape Coils Vvith Otk Lauer 
of Hea^y Cotton Tape - Hair Lap. 

Fig. 261. Make-Up of Field-Coils of Generator Whose Construction is Described in Text 



volts, that is, when no external current is being drawn. Hence, we 
shall require 5,350 ampere-turns per pole. 

Assuming a depth of winding of about IJ inches, we get the 
length of a mean turn as 3. 54 feet. Then, from formula on page 81, 
we get No. 10 wire as the most suitable size to use. Planning to have 
72.5 per cent of the available 250 volts, that is, 181.5 volts, as the 
terminals of the field spools when hot (the remainder being con- 

1 Q1 g « Q 

sumed in the field rheostat), we require — '^-~ — = 7.82 amperes 



2.9 



5,570 



per spool. Hence, the turns per shunt spool will be -tt^ = 712 
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The length of 712 turns will be 2,830 feet, giving a resistance of very 
nearly 2.9 ohms per shunt spool. They will be arranged in 25 layers 
of 32 turns each, 2 coils per pole, Fig. 261. A table for make-up 
of field-coles is shown in Fig. 262. 

Series Field-Winding, This winding is required to supply 
2,280 ampere-turns at a rated load of 607 amperes. Planning to 

divert 31.6 per cent of this cur- 
rent through a rheostat in paral- 
lel with the winding, we find 
0.684 X 607 = 415 amperes 
available for series excitation. 
Hence, each series coil should 

2,280 



Cumuiafive Compound Dynamo. 
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Lenqth of Coll 2" 

Fig. 262. Table for Make-Up of Field-CoUs 

inch. At 20° C. the resistance will, therefore, be 

0.00000814 X 18.7 



The mean length of one turn is 
found to be 3.4 feet, so that 5.5 
turns have a length of 18.7 feet. 
The series winding per spool 
consists of 5.5 turns, made up of 
5 strips of sheet copper 1 .5 inches 
by yV-ii^ch section = 0.465 square 



0.465 



= 0.000327 ohm 



Losses. Armature. For the armature copper loss we have 

607* X 0.0172 = 6,350 watts 
To compute the armature iron loss, we have 

0.560 + 0.505 



Volume of teeth = 



XIX 10.72X116=663 cu. in. 



Volume of core = 2(43^—34.5/'^ 10.72 = 5,555 cu. in. 



Hence, from formulas on page 22, we have 



-1.6 



—7 



Hysteresis loss in core =0.83 XO.004 X15 X 83,000 X5,655 XlO = 1,970 watte 

16 -7 

Hysteresis loss in teeth =0.83 XO.004 Xl5 Xl26,000 X 663 XlO « 477 

Eddy-current loss in core =40.6 X0.022xl6X83,000x6,555xr0 = 169 

Eddy-current lose in teeth =40.6X0.022 xi5xl26,000X663xr0= 46 

Total iron losses at rated load =2,662 watts 



<< 
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The iron losses per pound of iron are shown graphically in 
Fig. 263. Hence, total annature losses= 6,350+2,662= 9,012 watts. 

Excitation. The resistance of the shunt field-coils per pole at 
50°C. = 2.9 ohms, and they are then supplied with 7.82 amperes. 

2 

Hence the PR loss at rated load = 7.82 X 2.9 X 8 = 1418 watts. 
The total loss in shunt field and rheostat at rated load = 250 X7.82 
= 1955 watts. 

The resistance of the series winding of each pole at 50®C. is 




20 30 40 50 60 70 dO 90 no 110 ISO BO 140 

Flux per 5q. Inch x 10"^ 

Fig. 263. A — Machine Losses at 30 Cycles per Second; a — Sample LoBses at 30 Cycles per 
Second; R — Ratio between a and A; B— Machine Losses at 15 Cycles per Second; 
b — Sample Losses at 15 Cycles per Second; r — Ratio between b and B. 

0.000365 ohm; so that at rated load, with 415 amperes in this wind- 

— 2 

ing, the loss = 415 X 0.000365 X8 = 490 watts. 

The resistance in parallel with the series winding will be 

415 X 0.000365 X 8 



188 



= 0.00644 ohm. Hence, the loss in the parallel 



rheostat at 50° C. and rated load= 188 X 0.00644 = 227 watts. 
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The total loss in series field-winding and resistance, therefore, 
= 490 + 227 = 717 watts, giving a drop at rated load of 1.18 volts. 

Commutator. Twenty-four brushes are pressed upon the commu- 
tator, each having an area of contact of 1.125 square inches. The total 
area of all the brushes will, therefore, be 27 square inches. Hence, by 
formula on bottom of page 125, assuming a brush tension of 1.25 pounds 
per square inch, the brush-friction loss = 27^X 1.25 X 0.3 X 1,650 X 
746 -^ 33,000 = 378 watts. 

The total brush-contact drop is 1.6 volts. Hence, the loss at 
brush contact = 607 X 1.6 = 971 watts. This makes the total com- 
mutator loss = 971 + 378 = 1,249 watts. 

Bearing Friction and Windage. Owing to this being a direct- 
driven (slow-speed) machine, we may assume the losses due to bear- 




100 120 
Killowatt6 Output 

Fig. 264. Efficiency Curve of 140 D Generator, 250 
v., 150 Kw.. 225 R.P.M. 

ing friction and windage as ^ of 1 per cent of the output, that is, 
equal to 1,000 watts. 

Efficiency. The total rated-load losses are 



Armature loss 

Excitation loss 

Commutator loss 

Bearing Friction and Windage 

Total losses 



9,012 watts = 5.50 per cent 

2,672 " =1.63 per cent 

1,249 " -= 0.76 per cent 

1,000 " « 0.61 per cent 



13,933 



8.5 per cent 
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Hence the efficiency. Fig. 264, is 

150,000 „, , 

jg3^ = 91.5 per cent 

Heating, (a) Amuiture. From the drawings the radiating 
surface of the armature is found to be 4,510 square inches, counting 
cylindrical surface, and tails of rear flanges; the peripheral speed is 
2,650 feet per minute. 

The total armature loss being 9,012 watts, we must radiate 

j~-7- = 2 watts per square inch of radiating surface. Fig. 140 
4,510 

shows that this will give a rise of 50** C. at rated load and speed; 
but actual tests on the machine have shown an increase, by ther- 
mometer, of only 25** C. 

(6) Magnet System. The total radiating surface provided for 
the shunt winding = 1,740 square inches, so that it is necessary to 
radiate 0.715 watt per square inch. Assuming A =' 35 in formula 
on page 85, we have 

(?^ = 35 X 0.715 = 25*^ C. for the shunt winding 

Actual test showed it to be 22.5® C. 

The total radiating surface allotted to the series-winding — 616 

square inches, and as 490 watts are consumed here, we must radiate 

490 

-7-rzr = 0.796 watt per square inch. Therefore 

615 

e^ = 35 X 0.796 = 27.8® C 

CommiUator, For the probable testing of this portion of the 
machine, we have, from page 126 

d = 46.5 X 971 _ o ^ 

- 1,100 (1 + 0.005 X 1,650) 

Sparking. The ratio of the ampere-turns required at full exci- 
tation to drive the flux through the air gap and teeth, to the whole 
number of ampere conductors, at rated load, that lie under one pole- 
face, is 5,000 -T- 3,635 = 1.37, providing a stiflf field. The amperes 
collected per brush set are 150. . The voltage between conunutator 
segments is 4.32, and the stiffness ratio j page 211, is (46,000 -r- 928 X 
76) X 141.8 = 92*; all of which indicate sparkless commutation. 



♦M 92 < 8tlflni>« coeffldent x D'y^^ r ^ armature ^ eondItloD« an imids 
" •* ^ 2p X LeDgth of air gap ' wi««mwu» » nw»nj» 

ilr gap length are correct. 
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DETAIL SHEET 



GENERATOR DESIGN 



Name Date submitted. 



Specification 

1 Kilowatts 150 

2 Terminal volts, rated load 250 

3 Kilowatts no load 240 

4 Amperes, rated load 600 

6 Revolutions per minute 225 

6 Number of poles 8 

7 Frequency in cycles per second 16 

8 Peripheral speed of armature, feet per minute 2,650 

Materials 

9 Armature core Sheet Steel 

10 Armature spider Cast Iron 

11 Armature binding wire ,. . . . No. 16 Phosphor Bronze 

12 Conductors Copper 

13 Commutator segments Copper 

14 Commutator leads Copper 

15 Commutator spider Cast Iron 

16 Pole-pieces Cast Iron 

17 Magnet-cores Cast Steel 

18 Magnet-yoke Cast Iron 

19 Brushes Carbon 

20 Shaft Steel (0.35% C.) 

21 Bearings 

Dimensions 
Armature — 

22 Diameter over all 45 in. 

23 Diameter at bottom of slots 43 in. 

24 Internal diameter of core • 34 . 5 in. 

25 Length over conductors 27 in. 

26 Length of core over laminations 13 in. 

27 Insulation between sheets % 9.8% 

28 Number of ventilating ducts 3 

29 Width of each ventilating duct 0.375 in. 

30 Effective length, magnetic iron 10.72 in. 
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31 Effective length of core-s-total length 82.5% 

32 Thickness of sheets 0.022 in. and A in. at ends 

33 Number of sheets 479 of 0.022 in. and 4 of A in.* 

34 Number of slots 116 

36 Depth of slot 1 in. 

36 Width of slot at root 0.66 in. 

37 Width of slot at surface 0.66 in. 

38 Width of tooth at root 0.505 in. 

39 Width of tooth at armature face . 560 in. 

<0 Size of conductor, Diam { „,• jxi_ /i /vo • 

' • (Width 0.08 m. 

41 Size of conductor insulated 0. 14 in. by 0.41 in. 

42 Pitch of winding, No. of teeth 13 

43 Total number of face wires or bars 928 

44 Arrang. of wires or bars per clot 4-0 . 08 in. wide; 2-0 . 35 in. deep 

45 Number in parallel per slot 

46 Number in series per slot 8 

47 Copper section -^slot section 0.34 

.o rr> J. 1 ' 1 X- u X J J J 0.079 in. on sides of slots 

4S Total insulation between cond. and core — >/x ,«« . u ^^ * i ^^ 

f 0.127 in. on bottom of slots 

49 Thickness insulation between conds -< rvi i/v • * u x i 

(0.110 in. between layers 

Gap — 

50 Length in center A in. 

51 Length maximum A in. 

52 Bore of field 45i in. 

Pole^Piece — 

53 Length parallel to shaft 13 in. 

54 Length of arc, max 13 . 48 in. 

56 Length of arc, min 11 . 57 in. 

56 Thickness at edge of core li in. 

Magnet-Core — 

57 Length of magnet-core, radial 7i in. 

58 Diameter of magnet-core lOi in. 

59 Length parallel to shaft lOi in. 

60 Distance between magnet-cores 9 in. 

Magnel-CoiU — 

I 

61 Length over all winding space 7i in. 

02 Thickness of insulation on flanges 

63 Thickness of insulation on body A in. 

64 Length of main winding space, ex. insuln. (shunt) Each coil «2 in. 

65 Length of compound winding space, ex. insuln li in. 

66 Depth of winding space, ex. insuln 



*i sections per sheet. 
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67 Total section of field copper 9 . 12 sq. in. 

68 Size of shunt conductor No. 10 B. and S. G. 

69 Turns in series per pole 2 coils, each 400 turns 

70 Size of compound conductor 5 strips, li in. by ^ in., in parallel 

71 Turns in series per pole 5^ 

Yoke-- 

72 Outside diameter 77} in. 

73 Inside diameter 66 in. 

74 Thickness 5i in. *^265. SecUonof Yoke 

75 Diameter over ribs 

76 Thickness of ribs 1 in. 

77 Length along armature 18 in. 

CommiUafor and Brushes — 

78 Diameter 28 in. 

79 Number of segments 464 

80 Number of segments per slot 4 

81 Width of segment at commutator face 0. 158 in. 

82 Width of segment at root 0, 138 in. 

83 Useful depth of segment 1 . 25 in. 

84 Thickness of mica insulation 0.035 in. 

85 Available length surface of segment 8 . 25 in. 

86 Cross-section commutator leads 0.0468 sq. in. 

87 Total length of commutator 12 . 5 in. 

88 Peripheral speed 2,650 ft. per n^in. 

89 Number of sets of brushes 8 

90 Number in one set 3 

91 Length 3 in. 

92 Width 2.25 in. 

93 Thickness 0.50 in. 

94 Area of contact, one brush 1 . 125 sq. in. 

95 Area of contact, one set 3 . 375 sq. in. 

96 Type of brush Radial Carbon 

Armature 

97 No-load voltage 240 volts 

98 Type of winding Simplex, Singly Re-entrant, Lap- Wound Drum 

99 Number of circuits 8 

100 Mean length, one armature turn 87. 5 in. 

101 Total armature turns 464 

102 Turns in series between brushes 58 

103 Length between brushes 423 ft. 

104 Cross-section one arm. conductor 0.028 sq. in. 

105 Amperes per square inch in armature conductor 2,714 

106 Resistances between brushes at 20° C 0. 123 ohm 

107 Resistances between brushes at 50° C 0. 138 ohm 

20° C. 0.0154 ohm 



108 Total resistance of armature at ^ c/>o r>i rx /\ito l 

50 C. 0.0172 ohm 



{: 
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20 Segments lead of brushes. 



09 C. R. drop in armature at 60** C lO.S^olts 

10 Total internal voltage, rated load 263.5 volts 

11 Amperes per square inch in commutator connections 1,210 

Commutator 

12 Average volts between bars 4.32 

13 Amperes per square inch of brush contact 45 

14 Drop in brush contacts 1.5 voits 

Commutation 

15 Average voltage between commutator segments 4 . 32 

16 Armature turns per pole 58 

17 Amperes per turn , 76 

18 Armature ampere-turns per pole 4,400 

19 Allowable ampere-turns per pole 4,560* 

f no load 

half load 

rated load 5 

21 Percentage lead of brushes, rated load 8.6% 

22 Percentage demagnetizing ampere-turns, rated load 17.2% 

23 Percentage distorting ampere-turns, rated load 82.8% 

24 Demagnetizing ampere-turns per pole 755 

25 Distorting ampere-turns 3,635 

Shunt or Main Field 

26 No. of turns in series per pole 2 X400 =800 

27 No. of coils in series 16 (i.e., 2 per pole) 

28 Mean length of turn 42.6 in. 

29 Resistance of mean turn 20** C 0.00362 ohm 

30 Total number of turns 6,400 

31 Total resistance at 20** C 23.2 ohms 

32 Total resistance at 50*" C 26. 1 ohms 

33 Amperes, no load 6.675 

34 Ampsres, rated load 7 '82 

35 Volts at field terminals, no load 240 

36 Volts at field terminals, rated load 250 

37 Amperes per square inch, no load 818 

38 Amperes per square inch, rated load 855 

39 Rheostat resistance 24 ohms 

40 C. R. drop rheostat 50** C .' 68.5 volts 

Series or Compound Field 

41 No. of turns in series per coil 5J 

42 No. of coils in series 8 

43 Mean length of turn 40. 7 m. 

44 Resistance of mean turn 0.0000585 ohm 

45 Total number of turns .• 44 

46 Total resistance at 20** C 0.00257 ohm 

47 Total resistance at 50** C 0.00290 ohm 



•Allowable ampere-tttms per po'e = number of ampere- turns per pole required to 
maintain the rated-load flux in the air gap. 
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148 Amperes, rated load 415 

149 Amperes per square inch, rated load 802 

150 Resistance of rheostat in parallel with series field 0. 00644 ohm 

Magnetic 

151 Megalines entering armature per pole, no load 6.9 

152 Megalines, entering armature per pole, rated load 7.6 

153 Coefficient of magnetic leakage, actual 1 . 09 

154 Megalines in field, no load 7.5 

155 M^alines in field, rated load 8.3 

156 Armature, section 45 . 6 sq. in. 

157 Length, magnetic 10 in. 

158 Density no load 75,600 

159 Density rated load 83,000 

160 Ampere-turns per inch length, no load 10 . 8 

161 Ampere-turns per inch length, rated load 18 . 

162 Amper&-turns, no load 108 

163 Ampere-turns, rated load 180 

164 Teeth transmitting flux from one pole-piece ifeVo X 116 » 10. 3 

165 Allowances for spread of flux 07 

166 Section of roots 59. 5 sq. in. 

167 Length 2X1 -2 in. 

168 Apparent density, no load 116,000 

169 Apparent density, rated load 127,800 

170 Corrected density, no load 114,000 

171 Corrected density, rated load 123,000 

172 Ampere-turns per inch length, no load 287 

173 Ampere-turns per inch length, rated load 565 

174 Ampere-turns, no load 5741 . . 

176 Ampere-turns, rated load 1,130/ *^ 

176 Gap, section at pole-face 163 sq. in. 

177 Length gap 2X Ain. -0.625 in. 

178 Density at pole-face, no load 42,400 

179 Density at pole-face, rated load 46,000 

180 Ampere-turns, no load 8,280\ . f , 

181 Ampere-turns, rated load 9,090/'^^'" P*'*" ^^ P°*^ 

182 Magnet-(>ore, section 86.5 sq. in. 

183 Length (magnetic) 2X7.875 = 15.76 in. 

184 Density, no load 86,903 

185 Density, rated load 96,000 

186 Ampere-turns per inch length, no load 25.4 

187 Ampere-turns per inch length, rated load 42 

188 Ampere-turns, no load 400\ 

189 Ampere-turns, rated load 661/^^^ P^^ ^' P^'^ 

190 Magnetic Yoke, section 100 sq. in. 

191 Length per pole 29 in. 

192 Density, no load 37,600 

193 Density, rated load 41,500 

194 Ampere-turns per inch length, no load 46 
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105 Ampere-turns per inch length, rated load 61 

106 Ampere-turns, no load 1,332) . . . 

107 Ampere-turns, rated load ^.j^g^jper pair of poles 

Ampere-Turns per Pole 

No Load and Rated Load and 
240 Volts. 263.5 Internal Volts 

108 Armature core 54 00 

100 Armature teeth 287 665 

200 Gap 4,140 4,546 

201 Magnet-poleJ ^ ^ 

202 Magnet-coreJ 

203 Magnet-yoke 666 884 

5,347 6,414 

204 Demagnetizing ampere-turns per pole, at rated load 748 

206 Allowance for increase in density through distortion 316 

206 Total ampere-turns at rated load and 250 terminal volts 7,850 

207 If the rheostat in the shunt circuit is adjusted to give 5,347 ampere- 

turns at 240 volts, then, when the terminal voltage is 250, the shunt 

250 
excitation will amount to — X 5,347 = 5,570 ampere-turns. 7,850 — 

6,570-2,280 ampere-tiims must be supplied by the series winding. 

Calculation of Spool Winding 
Shunt— 

208 Mean length of one shunt turn » 42. 6 in. 

200 Ampere-turns per shunt spool at rated load 5,570 

210 Ampere feet 10,800 

211 Total radiating surface of two shunt field-spools +9cries field- 

spool 204 sq. in, 

212 Proportion available for shunt = X = 217 sq. in. 

213 Permit .40 watt per square inch at 20** C 

214 .'. 217X.40«87 watts per shunt spool at 20** C 

216 And 08 watts per shunt spool at 50** C 

216 Plan to have 72.5 per cent of the available 250 volts (i.e., 181.6) 

at the terminals of the field-spools when hot, the remainder being 

consumed in the field rheostat. This is 181.5 volts at 20^ C, or 

22.7 
22.7 volts per spool. Hence require — — =7.82 amperes per spool 

5.570 

217 Tunis per shunt spool =— = 712 

7.82 

218 Length of 712 turns 2,830 ft. 

210 Pounds per 1,000 ft 40 "calculated" 

220 No. 10 B. and S. has 31.5 lbs. per 1,000 ft., 2.83X31.5=80 lbs. "used" 

per pole. 

221 Bare diameter 0. 102 in. 

222 S. C. C. diameter 0. 108 in. 

223 Cross-section of copper 0.00815 sq. in. 

224 Amperes per square inch 866 
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225 Length of the portion of winding space available for shunt winding .4 in. 

226 Winding consists of 25 layers of 32 turns each, of No. 10 B. and S. 

Series Winding 

227 The series winding is required to supply 2,280 ampere-turns at rated 

load of 600 amperes. 

228 Planning to divert 31.6 per cent through a rheostat in parallel with the 

series winding, we find we have 607X0.684=415 amperes available 

for the series excitation; hence each series coil should consist of 

2,280 

— — — =5.5 turns. 
415 

229 Mean length of series turn 40 . 8 in. 

230 Total length of 5.5 turns 18. 7 ft. 

231 Radiating surface available for series coil 77 sq. in. 

232 Permit .40 watt per square inch in series winding at 20° C. 

233 Watts lost per series spool at 20** C. = .40X77 = 31 

31 

234 Hence resistance per spool at 20° C. = -; r; = . 00018 ohm. 

(415; 

235 Copper cross-section =0.465 square inch, ''calculated.'' 

236 Series winding per spool consists of 5.5' turns made up of 5 strips of 

sheet copper 1.5 in. X i^ in. 

Thermal Calculations and Losses 

Armature — 

237 I*R loss, rated load, at 50° C 6,350 watts 

ooo XT A -1 * J 1 J /core 1,970 watts 

238 Hysteresis loss, rated load. • • S . .i \yy 

rtoft T7JJ XI X J 1 J J core 169 watts 

239 Eddy-current loss, rated load . < , 4fi tt 

240 Total hys. and eddy-cur. losses, rated load 2,662 watts 

241 Total hys. and eddy-cur. losses, no load 2,300 watts 

242 Total armature loss, rated load 9,012 watts 

243 Radiating surface of armature 4,510 sq. in. 

244 Watts per square inch radiating surface 2 

245 Assumed increase of temperature per watt per square inch of radiating 

surface as measured by increased resistance =25° C. 

246 Hence, estimated total increase temperature of armature at rated 

load =50° C. 

Shunt or Main Field — 

247 I^R total, no load 50° C 939 watts 

248 I^R total, rated load 50° C 1,240 watts 

249 Radiating siurface >. 1,740 sq. in. 

250 Watts per square inch, rated load 0.715 

251 Total increase in temperature, rated load 25° C. 

252 I. E. rated load, field and rheostat 1,740 watts 

Series or Compound Field — 

253 I*R total, rated load 490 watts 

254 Radiating surface 615 sq. in. 



242 



DESIGN 233 

255 Watts per square inch, rated load 0.796 

256 Total increase in temperature, rated load 27.8^ C. 

257 I. E. rated load, field and resistance 717 watts 

COMMXTTATION — 

258 Area of all positive brushes 13 . 5 sq. in. 

259 Brush-contact loss 971 watts 

260 Brush pressure assumed, 1.25 lbs. per square inch 33 . 8 lbs. 

261 Coefficient friction 0.3 

262 Peripheral speed of commutator, feet per minute 1,650 

263 Brush friction 10. 1 lbs. 

264 Stray power lost in commutator 378 watts 

265 Total commutator loss 1,249 watts 

266 Radiating surface in square inches 1,100 

267 Watts per square inch radiating surface of commutator, rated load 1 . 14 

268 Increase of temperature per watt per sq. in. radiating surface = 20® C. 

269 Total estimated increase of tern, of commutator, rated load 22.8® C. 

Brushes — 

270 Total estimated increase of temperature 30® C. 

271 Total losses, rated load 13,440 watts 

272 Total losses, no load 4,690 watts 

Efficiency Calculation 

273 Output, rated load 150,000 watts 

274 Core loss 2,662 watts 

275 Commutator and brush losses 1,249 watts 

276 Armature /«/? at 50® C 6,350 watts 

277 Shunt spools /^/J at 50® C 1,420 watts 

278 Shunt rheostat at 50® C 527 watts 

279 Series spools /*/2 at 50® C 490 watts 

280 Series rheostat at 50® C 227 watts 

281 Friction in bearings and windage 1,000 watts 

Input 163,935 watts 

282 Commercial efficiency at rated load and 50® C 91. 5 per cent 

283 Inherent regulation, per cent 104 per cent 

Weights 

284 Armature magnetic core 1,330 lbs. 

285 Armature teeth 140 lbs. 

286 Armature spider 1,000 lbs. 

287 Armature shaft 

288 Armature end flanges 450 lbs. 

289 Armature copper 450 lbs. 

290 Commutator segments 510 lbs. 

291 Commutator spider 400 lbs. 

292 Commutator rings 90 lbs. 

293 Other parts of armature and commutator 80 lbs. 

294 Armature complete, including commutator and shaft 4,450 lbs. 

295 Pole-pieces 1 2 509 lbs 

296 Magnet-cores J ' 
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297 Magnet-yoke 3,794 lbs. 

298 Shunt coils 694 lbs. 

299 Series coils 306 lbs. 

300 Total spool copper 1,080 lbs. 

301 Brush-gear 533 lbs. 

302 Bed-plate and bearings 

303 Machine complete 12,400 net lbs. 

Drawings Required 

304 Longitudinal crossHsection. 

305 End elevation. 

306 Plan. 

307 Diagram of armature winding. 

308 Details of important features. 

309 Efficiency curve. 

310 Curve of regulation. 

311 Curves for losses from no load to rated load. 

312 SXlO^-in. paper required for description of method of calculation. 
Drawings to be made with pencil on brown drawing paper, then traced 

and blue-printed. 
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TYPES OF DYNAMO-ELECTRIC 

MACHINERY 

INTRODUCTION 

Dynamo-electric machinery is the generic name given to the 
class of machines that employ relative motion between an electric 
conductor and a magnetic field for the purpose of converting mechan- 
ical power into electrical power, or the reverse. 

Generators and motors constitute the two largest and most 
important subdivisions of this class of machinery. A generator 
transforms mechanical power into electrical power, while a motor 
transforms electrical power into mechanical power. Originally the 
name dynamo-electric machine was used to designate an electric 
generator. On account of its length, this term was soon shortened 
to that of dynamo. Recently the name generator has supplanted 
that of dynamo, it being considered preferable on account of its 
rather self-evident meaning, while the term dynamo-electric machine 
is now used in the extended meaning given above. 

METHODS OF DRIVING 

GENERATORS 

The methods of driving generators in this country today are: 
by direct connection to the prime mover; by means of belting (includ- 
ing rope-driving, which is rather exceptional), and by means of 
gearing. 

Direct-Connected Qenerators. Direct-connected or direct- 
driven generators are manufactured in combination with steam 
engines, gas engines, water wheels, and steam turbines; the generator 
being, in any particular case, of the direct-current or the alternating- 
current type as desired. 

Steam' or Gas-Engine Driven. A direct steam- or gas-engine 
driven generator may be arranged in one of three different ways. 
First, it may have its revolving part carried by the engine shaft 
proper and is usually then denoted as an engine-type generator .- 
Such a generator, as shown in Fig. 1, has no shaft and no bearings 
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4 TYPES OF DYNAMO-ELECTRIC MACHINERY 

of its own, both shaft and bearings being provided by the engine 
builder. Second, the engine shaft may be extended out to one side 
of the engine, which extension then carries the revolving part of the 
generator, as shown in Fig. 2. There is then provided in this arrange- 
ment an extra bearing^ usually called an outboard bearing. Third, 
both engine and generator may be complete in themselves and their 
shafts directly coupled togethir by a suitable coupling either rigid 
or flexible. This arrangement is illustrated in Figs. 3 and 4, In all 



cases a flywheel is provided, increasing the inertia of the rotating 
parts and thus increasing the uniformity of rotation. 

Water-Wheel Driven. A direct water-wheel driven generator 
may be arranged with a vertical or with a horizontal shaft. Those 
with a vertical shaft are usually of the alternating-current type, 
ranging in sizes from about 100 up to 10,000 kilowatts in capacity, 
as shown in Fig, 5, although they are sometimes direct-current 
generators, as shown in Fig. 6. ^Tien the revolving part of the 
generator is mounted directly upon the vertical shaft of a turbine, 
some form of thrust or step bearing becomes necessary to support 
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the combined weight of the revolving generator and turbine parts. 
The pressure on the bearings is decreased in some instances by bal- 
ancing all or a part of the weight, either by the upward pressure of 
the water in the turbine or by the magnetic pull between the field 



and the armature of the generator. Fig. 7 shows the arrangement 
of horizontal shaft turbines directly connected to a generator, and 
Fig. 8 shows a direct-current generator driven by a turbine of the 
impulse type. Direct-current generators direct-driven by water 
wheels are in most cases railway generators. 
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Steam- TurbiTie Driven. Direct steam-turbine driven generators 
are similarly manufactured with either vertical or horizontal shafts. 
An example of the vertical type is the Curtis steam turhine unit 
manufactured by the General Electric Company and shown in Fig. 
9. The generator of this type of unit is, however, as manufactured 
at present, always a three-phase alternator. Illustrations of hori- 
zontal-shaft steam-turbine units are ^ven in Figs. 10 and 11. 



Belted Qenerators. Generators that are not direct-connected 
to their prime movers are almost always driven by belt, or in rather 
spedal cases by some form of rope drive or silent chain drive. Belt- 
driven generators, up to I50-kw. capacity, usually carry a metal, 
wood, or paper pulley that merely overhangs the main bearings. 
If the generator is larger, or from 150- to 500-kw. capacity, a third 
bearing is provided to relieve the bending strwn occasioned by the 
belt pull. The prime movers used In connection with belted gener- 
ators are generally only steam engines, gas engines, and water wheels. 
In the smaller sizes in isolated plants, however, various internal 
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combustion engines are found driving belted generators. The 
steam turbine is never belted to a generator, since in the smaller 
powers it rotates at very high speed, rendering the use of belting 
impracticable. 



II 
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Geared Qenerators. Gearing is only used for driving generators 
in the following cases: First, vertical-shaft water wheeb and hori- 
zontal-shaft generators are often connected, in case of low beads, by 
means of bevel gearing, the generator shaft revolving at a higher 
speed than the turbine. Second, in smaller sizes, steam turbines 
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and generators are connected by means of gearing, the generator 
shaft revolving at a lower speed than the steam-turbine shaft. An 
example of this method of connection b given in Fig. 12. Third, 



Fig. ID. KerrStw 



direct-current generators used as exciters for steam-turbine driven 
alternators are sometimes geared to the shaft of the unit. 

Selection of Type of Generator Drive. At the present time, the 
best modern practice employs direct-driven generators whenever 



possible, and only the smaller units are ever belt-driven, since even 
the best system of belting is unsatisfactory for transmitting large 
amounts of power. Direct driving necessitates. In general, a larger, 
heavier, and, therefore, more expensive generator for the same 
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12 TYPES OF DYNAMO-ELECTRIC MACHINERY 

capacity; but the compactness, ^mplicity, positive action, and 
general advanta^ies of direct driving are so great that in most cases 
they -watTant the increased cost. An important advantage possessed 
by the direct-connected generator is the small floor space required. 
In some instances thb advantage allows a saving in the cost of the 
building and in the real estate, and more than counterbalances the 
increased cost of the generating unit. In belt driving, the distance 
between the centers of the en^ne and generator shaft should be at 
least three times the diameter of the engine pulley to insure satis- 



j> Ootnluciii Pumps 

factory working of the belt. In some cases, however, the belt- 
driven generator may be preferable, particularly in the smaller sizes, 
where only the cost of the units is to be considered, or on account of 
the ease with which the generator can be adjusted to an engine 
already in use. 

MOTORS 

Similarity to Generators. The same methods as are employed 
for driving generators are also used in connecting motors to the 
work they perform. Direct connection is resorted to wherever feasi- 
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ble. As a result, many direct-current constant-speed motors are 
identical in appearance, as regards their general outlines, with 
direct-driven generators. In fact, manufacturers actually employ 
the same frames in many cases for direct-current generators and 
motors, merely changing the windings to produce the required char- 



acteristics. Alternating-current generators and synchronous motors 
are really identical, that is, the same machine may be used for either 
purpose as desired. Two direct-connected motors are shown in 
Fig. 13. 

Belted motors are restricted to the smaller sizes, due to the 
limitations of belt transmission. The employment of rope drive, 
silent chain drive, and gearing is much more common than iu the 
case of generators. Illustrations of the last three methods are given 
in Figs. 14, 15, and 16. 
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DIRECT-CURRENT TYPES 

General Classificatioii. The various types of dynamo-electric 
machinery fall naturally under the two main divisions of altemating- 
ciurent and direct-ciurent machines. Reserving the consideration 
of alternating-current machines for a later chapter and confining our 
attention for the present to the direct-current ones, we find that 
these latter can be further subdivided into generators, motors, 
dynamotors, motor generators, and boosters. 

In order to present the modern direct-current tyi)es in some 
logical sequence, they will be taken up under these subdivisions, 
and any special construction, advantage, or feature will be pointed 
out. The machines described will be selected as illustrating the 
best standard practice, but it must be remembered that this treat- 
ment can not pretend to do more than introduce the reader to the 
subject. 

QENERATORS 

Capacities. Direct-current generators are manufactured in 
standard sizes, varying in capacity from a fraction of a kilowatt to 
2700 kilowatts. Sizes above 200 kw. are nearly always direct- 
driven, although belted generators are found up to 500 kw. Below 
200 kw. either method is employed, depending upon the special 
conditions of the case. 

Speeds. The speeds at which direct-current generators are 
driven, vary from 70 or 75 revolutions per minute in the largest sizes 
of engine type, up to 2000 in the belted and 3000 in the steam-turbine 
driven t>T)es. In general, the greater the kilowatt capacity the 
lower the speed, although even this general rule does not hold in 
comparing different lines. Belted generators are very seldom run 
below 300 to 400 revolutions per minute, while 325 is a rather high 
speed for a direct-driven generator, if we except the generating sets 
and marine sets run by vertical engines. These latter, in the very 
smallest sizes, reach a speed of 850 revolutions per minute. 

Number of Poles. Modern direct-current generators are always 
multipolar as soon as their capacity is above 5 or even 3 kilowatts, 
the number of poles increasing with the size of the generator. Belted 
generators usually have 4, 6, or 8, and occasionally 10 poles. Direct- 
driven generators, since the speed is fixed by the prime mover, are 
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• 

designed to meet these conditions. Such machines seldom have 

less than 6 poles and in the larger sizes and slower speeds very often 

have from 24 to 36. 

CLASSIFICATION 

Direct-current generators, according to their electrical design, 
may be divided into two main classes: those giving constant current, 
feeding series circuits; and those maintaining constant voltage, 
feeding parallel circuits. 

Constant Current Types. Constant current generators are still 
found supplying current to series street arc-lighting circuits, and in 
the types used at present deliver approximately from 5 to 10 amperes, 
their voltage being variable, depending upon that needed by the 
circuit they are supplying. The manufacture of these series gener- 
ators has been practically discontinued. New installations for 
street lighting employ alternating current or else direct current 
obtained by means of mercury arc rectifiers. The series machines 
still in use are of the Brush, Thomson-Houston, and Wood types. 
Of these, the Brush and the Thomson-Houston have open coil arma- 
tures, and the Wood has a closed coil armature. As these machines 
are rapidly becoming obsolete, no further description will be given 
of them. 

Constant Voltage Types. Constant voltage generators may be 
further subdivided into those giving 5 to 12 volts, those giving about 
125 volts, those giving about 250 volts, those giving 500 to 750 volts, 
and those giving 1200 volts. Generators designed to give from 5 to 
12 volts are employed for electroplating and electrochemical pur- 
poses. W^here a sufficient number of vats can be connected in series, 
however, regular standard 125-volt machines are preferably em- 
ployed. Generators giving 125 volts are used for indoor arc and 
incandescent lighting, for the running of smaller motors, and in 
connection with the three-wire system. Machines giving 250 volts 
are used principally for power purposes, and, with auxiliary devices 
or parts, can supply a three-wire system. Machines giving 500 to 
750 volts are employed as generators for power and railway circuits, 
while 1200-volt generators are the most recent development in 
higher voltage direct-current railway installations. All railway 
generators, although denoted as constant voltage, are generally 
designed so that, by means of their compound winding, they over- 
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compound, usually 5 or 10 per cent; that is, at full load their voltage 
is 5 or 10 per cent higher than at no load. 

The uses to which direct-current generators are put, we find. 



therefore, to be in connection with series arc lighting, constant 
potential lighting, power, railway, and electrochemical purposes. 
DESCRIPTION OF TYPES 
AUis-Chalmers Manufacturing Company. Engine Types. This 
company has designed a line of engine type generators for general 
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lighting and power service that are built for standard full load pres- 
sures of 120, 240, and 525 volts. They are compound-wound, giving 
variation in voltage from no load to full load; the no-load voltages 
being 115, 230, and 500, respectively. By proper increase in speed, 
these machines also operate satisfactorily at 125, 240, and 550 volts, 
full load. They are made in a great variety of capacities and speeds, 
ranging from 10 to 1200 kw., and run at speeds from 90 to 470 revo- 
lutions per minute. 

Fig. 17 shows a 200-kw. 240-volt 125-r. p. m. machine of this 



type. The cast-iron field frame is of circular form; the two parts of 
the yoke, divided horizontally, are bolted together, as shown. In 
the iai^er sizes the upper and lower halves are bolted together by 
cap screws having their heads set in pockets In the lower half of the 
yoke. The field poles are made of stee! punchtngs riveted together, 
except in some of the larger frames where forced steel is used for 
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round poles. The poles are bolte<l to the inside surface of the yoke. 
This method of construction enables accurate spacing to be obtained 
and, by removal of one or more poles, field coils can be changed, or 
minor armature repairs made, without dismantling the whole 
machine. The pole faces are carefully designed to give a well- 
graded flux distribution necessary for good commutation. 

Fig. 18 is a view of assembled field yoke, poles, and coils. The 
field coils are ventilated by being built up in sections with air spaces 
between the pole and the coil and also between sections of the same 
coil. The coil is insulated from the pole by spacers and firmly held 
in place by fiber insulated pins driven into the pole sides. By the 
fan action of the armature air is forced through these spaces, rapidly 
dissipating the heat generated in the coils. This method of con- 
struction is shown by Fig. 19. 



The coils are impregnated at a high temperature with a com- 
pound rendering them moistureproof and oilproof . The armature is 
built up of high grade steel laminations, well japanned, containing 
ample radial ventilating ducts and mounted upon a spider of ample 
mechanical strength, so constructed as to assist in s free circulation 
of air about the machine. The armature coils are form-wound 
with ample clearance between the end connections to permit free air 
circulation. This feature of coil clearance is evident from Fig. 20. 
The armature coils are insulated with the highest grade of insulating 
material, then dipped and baked at a high temperature, and finally 
' placed in a steam heated screw press and pressed into shape to fit 
the armature slot. This renders a coil practically unaffected by oil 
or moisture. The coils are held in position in the armature slots by 
hardwood wedges fitted into grooves at the top of the slots. No 
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band wires are used under the poles, but a steel wire band at each 
end of the armature serves to keep the ends of the coils in place. 
This type of armature, with conductors placed in deep slots, and 
not wound on the armature surface, is known as an irmwlad arma- 
ture, and is the standard form adopted by all manufacturers today. 
This line of machines conforms to the standard practice of 
cross-connecting all multiple-wound armatures at points of equal 
potential to compensate for any inequality of the magnetic circuit. 
(See "General Electric Company", Fig. 48, showing equalizer rings.) 
The commutator is constructed of hard drawn copper bars separated 



Fig. 20, Arnutun and Commuutor at Allia-Chtlmen Oenerator 

by high grade mica of such hardness as to wear uniformly with the 
bars. The brush yoke, as seen from Figs. 17 and 18, is supported 
on the frame by three small rollers and is designed to secure a rigid 
structure and to leave the brushes and commutator easily accessible. 
The position of the brushes is adjusted by turning the handwheel. 

Standard Three-Wire Type. The Allis-Chalmers Company 
builds a line of standard three-wire generators for output from 35 
kw. to 250 kw., using their engine type frames for this purpose. 
These machines are wound for 240 volts between line wires and 120 
volts between each line wire end the neutral. (See "Crocker-Wheeler 
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Company" and "Westinghouse Electric and Manufacturing Com- 
pany".) 

Belted Types. The belted generators put upon the market by 
the Allis-Chalmers Company are intended to fulfill every require- 
ment except those for the smallest capacities. The materials, meth- 
ods, and processes employed are the same as for the engine type. 
The large sizes have a third or outboard bearing, this being 
accomplished like the construction shown in Fig. 45. For the 



smaller belted sizes this company uses its type K machines. 
These latter have the same frames as the company's motors of this 
line, becoming compound generators by merely changing the shunt 
field winding and adding a series winding. These frames will be 
described in detail later, therefore, under "Motors". 
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C & C Electric & Manufacturing Con^)an]'. Dired-Conneded. 
The direct-connected type G machines of this company furnish a line 
of generators overcompounded 5 per cent and are wound for voltages 
of 125, 250, or 500. They are built in sizes from 25 to 500 kw. in 
both two- and three-wire types. A 250-volt 300-kw. machine is 
shown in Fig. 2!. The magnet frame is circular and, together with 
the poles, is of soft cast steel of high permeability'. It is divided 
horizontally. The poles are round, to give minimum field copper. 



and are bolted to the yoke, thus being readily removed. They are 
specially slotted so as to divide them into sections, thereby having 
an air space through their center and parallel to the shaft. This 
increases the flux in the pole tips and materially decreases the arma- 
ture reaction. The field coils are wound upon non-combustible 
insulated bobbins, the series and shunt coils being wound separately 
and carefully insulated. The series coils consist of a continuous 
laminated copper conductor joined only between the field spools by 
heavy screws. These details are illustrated in Fig. 22. 
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The armature spider is of substantial construction, its hub 
forming a long sleeve key seated on the shaft. The laminations of 
selected sheet steel, doubly annealed and thoroughly insulated from 
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each other by varnish, are securely keyed to the spider. The pe- 
riphery of the core is slotted for receiving the armature coils, which 
are form-wound copper bars and interchangeable. They are con- 
tinuous from end to end, having no 
soldered joints, except where con- 
nected to the commutator risers, arid 
they are retained' in place by wedges, 
or band wires, or both. In multiple- 
wound armatures, equalizing rings or 
cross connectors are employed. The 
commutator spider is mounted on an 
extension of the armature spider to 
which it is keyed, thus allowing the 
shaft to be removed without disturb- „ ,. ^ ^„ .^- . ^ ^. ™ . 

Fif. 24. C & C Adjiutsbla Senes Shiuit 

ing the commutator. The commu- 
tator bars are of the best hard drawn copper of highest conductivity, 
insulated from each other and from the shell with the best grade 
mica. A self-contained armature and commutator of this line of 
machines is shown in Fig. 23. A polished series shunt of non-flexible 



TYPES OF DYNAMO-ELECTRIC MACHINERY 25 

grids with adjusting screws is employed for adjusting the compound- 
ing to any desired degree. Such a shunt is illustrated in Fig. 24. 

Tkree-Wire Types. In C & C three-wire generators, well- 
ventilated auxiliary or balancing coils are attached to the armature 
spider on the side away from the commutator of a standard two- 
wire engine type generator. The ends of these coils are tapped into 
the armature winding, and the neutral point is taken from a single 
collector ring mounted on the commutator ring from which it is 
insulated. A ring at the 
end of the brush holder 
studs supports two addi- 
tional studs for the bru:sh 
making contact with the 
collector ring. Such a 
machine is shown in Fig. 
25. 

Belied Types. Aline 
of belted machines desig- 
nated MPL is* illustrated 
in Fig. 26. They embody 
the same features as the 
engine type and the same 
methods of manufacture 

are employed in their con- "• " o»oT„.LB.i,.do™„» 

struction. In the larger sizes they are three-bearing. 

Another line of belt-driven machines is illustrated in Fig. 27 
These machines, designated type SL, are all of the 4-poIe type. 
The magnet frame or yoke, the four pibles, and the supporting feet 
are cast of the best soft steel in one piece. The protecting rings, 
which protect the field coils and support the brush rigging, are cast 
integrally with the bearing brackets. This piece is of cast iron and 
is attached to the magnet frame by dowel pins and cap screws. 
The field coils are carefully wound on easily removable sheet iron 
bobbins. AH C & C machines employ special brush holders of the 
reaction tj-pe, carrying carbon brushes inclined at a slight angle from 
the radial line, and also use bearings of the self-oiHng self-aligning 
type in which brass rings in the oil wells carry oil to the shaft. The 
generating sets put upon the market by this company are generators 
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selected from the preceding lines, directly coupled to vertical high 
speed engines of various other manufacturers, an example of which 
is shown in Fig. 28. 

Crocker-Wheeler Conqjany. Engine Types. The line of en^ne 
type generators built by this company is in sizes from 200 to 1500 
kw. rated at 125 or 250 volts, running at various speeds from 200 to 
80 r. p. m., and having from 10 to 16 poles. For direct connection 
they also build a second line of 6- and 8-pole machines in sizes from 
25 to 250 kw., whose speeds range from 325 to 150. One of the 
larger sizes is shown in Fig. 29. In these generators the magnet 
frame is of cast iron proportioned to insure ample stiffness in the 



Fig. 28, C * C Typo 8 L Generator Direel-ConnecUd lo H«h Speed EniinH 

smaller line, while in the larger it is stiffened by internally pro- 
jecting flanges. The frame is split horizontally, the two halves being 
accurately aligned by dowel pins and bolted together. The lower 
half of the frame is provided with feet bolted down to the support- 
ing base and supplied with leveling screws for accurately adjusting 
the position of the magnet frame. The poles are of steel securely 
bolted to the frame or, in the smaller line, cast welded into the frame. 
This is accomplished by constructing the poles first and placing them 
in position in the mould in which the magnet frame is to be cast. 
In casting the magnet frame, the molten metal flows around the 
ends of the poles so that, on cooling, one solid mass results. If the 
cast welded joint is perfectly made, it results in a better magnetic 
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circuit than is secured by the method of bolting in the poles. Each 
pole is fitted with a cast-iron removable shoe that produces the 
desired fiux distribution and also holds the field coils in portion. 



For some of the ratings of these generators the use of commutat- 
ing poles has been found desirable. These are of solid steel, rec- 
tangular in cross section and carrying lugs on the ends to support 
their windings. The purpose of the commutating poles is to com- 
pensate armature reaction at all loads and secure excellent commu- 
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tation. (See "Electro-Dynamic Company", page 68.) The air gap 
or clearance between the armature and the pole face is relatively 
large. This is a good feature, as it tends to reduce the bad effects 
occasioned when the armature is slightly out of center. The field 
coils on each pole are divided into sections separated from each other 
and from the pole core by spacers so as to provide increased ventila- 



tion. The windings of the series coils and also the commutating 
pole windings are of strip copper wound on edge. The connections 
of these windings between the various coils are made by interleaving 
the multiple strips, thus securing the best mechanical and electrical 
contact. The armature spider, consisting of a hub with projecting 
arms, supports the toothed laminations of the armature core. The 
armature conductors consist of flat or round copper wire without 
joints of any kind. They are thoroughly insulated and are retained 
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in the slots by wedges or band wires. The commutator spider is 
mounted on an exten^on of the armature spider, thus being inde- 
pendent of the shaft. 

The cast-iron rocker ring carrying the brush rigging is ri^dly 
supported from the magnet frame and has means fur shifting simuU 
taneously the position of all the brushes. All the positive sets of 
brushes are connected to a copper brush ring mounted on one side 



He. 31. Crocker-Wheeler Pmnllel Movenient Brush Balder 

of the rocker ring, and all the negati\e brushes to another ring 
similarly mounted on the other side of the rocker ring. A positive 
low resistance connection is provided between each brush and its 
brush holder bracket. The brushes are held by parallel movement 
holders that are individually adjustable and will not allow the posi* 
tion of the brush to change as it wears awaj'. These features are 
shown in Figs, 30 and 31, The Crocker-Wheeler Company also 
manufactures a line of 550-volt engine type railway generators 
embodying the preceding features, in sizes from 150 to 1500 kw., 
with 8 to 16 poles, and running at 275 to 80 r. p. m. 

Belted Typea. Crocker-Wheeler belted generators are built in 
two separate lines, their form II and their form I machines. Form 
H generators, furnishing the sizes above 45 kw., employ the same 
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frames as the commutating pole motors of this name, and the features 
of this frame will be given under "Motors". Their form I machines, 
shown in Fig. 32, give them the smaller sizes from 3 to 45 kw,, 
ranging in speed from 1500 to 760 r. p. m. These machines are 
multipolar and have a round cast-iron frame of which the feet form 
a part. The bearings are supported by four-arm castings attached 
to the yoke. The poles are of steel cast welded into the frame. 
The armature coils are of heavily insulated wire and form-wound. 



After being taped and dipped in an insulating %-arni8h they are 
baked. 

Miacellatteous Types. These machines, together with Crocker- 
Wheeler form L motor frames for the smaller sizes, when direct-con- 
nected to vertical high-speed engines of other manufacturers, give 
rise to generating sets from If to 25 kw., running from 850 to 325 
r, p. m. These are illustrated in Fig. 33, The three-wire generators 
put upon the market by this company are in most respects identical 



32 TYPES OF DYNAMO-ELECTRIC MACHINERY 

with their standard two-wire machines. One of them is shown in 
Fig. 34. 

The series field windings are divided into two equal sections. 
The windings on the positive poles are connected to one side of the 
armature circuit, and the windings on the negative poles to the other 
side. The armature slots are cut deeper than ordinarily, to provide 
rpom for auxiliary windings in the bottom of the slots. The type of 
auxiliary winding shown diagrammatically in Fig. 35 is known as 
the polyphase winding and consists of several windings, usually more 
than three, similarly connected to the armature with the neutral 
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Fig. 35. Diagram of Auxiliary Windings of Crocker-Wheeler Armature. 1, Armature Winding; 
2, Commutator; 3, Poles; 4, Brushes j 5, Auxiliary Winding; 6, Slip Ring; 7, Positive Wire; 

8, Negative Wire; 9, Neutral Wire 

point connected to the slip or collector ring. The polyphase wind- 
ing is so distributed over the face of the armature that the average 
field in which it moves is uniform at all times. Any tendency to 
flicker is thereby entirely overcome. The collector ring is mounted 
at the outer end of the commutator and supported from the com- 
mutator spider. 

Fairbanks, Morse & Company. Engine Types. The engine 
type generators manufactured by this company are illu;strated in 
Fig. 36, showing a 200-kw. 250-volt machine. They are made in 
sizes from 50 to 300 kw., with speeds from 275 to 100 r. p. m. The 
frame or magnet yoke is made of special dynamo iron of high perme- 
ability. The pole cores are of extra quality re-hammered wrought 
iron, circular in cross section and bolted to the frame. The pole 
shoes are of laminated sheet steel, so shaped as to give the correct 
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flux distribution and avoid eddy currents. The field colls are wound 
on metallic spools, the series and shunt coils being in separate com- 



Flc. 3S. Laigt Typs ol Furtunks-Mom Belled Gcoentor 

partments. The armatures are ironclad, bar-wound with one piece 
coil, and well- ventilated. 

' Belted Types. This company also manufactures several lines of 



Fi«. 3B. FaiFtttDkiHMone Field Colli and Pole nece 

moderate and slow speed belted generators. Their moderate speed 
machines range from 2 to 125 kw., running 1850 to 675 r. p. m. ' 
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These same machines, when run at lower revolutions per minute and 

suitably changed as to windings, become their slow speed generators 

rated from IM to 100 kw., running at 1800 to 550 r. p. m. The 

smaller sizes are illustrated in Fig. 37, 

while the lai^er take the form shown j 

in Fig. 38. In these lines the frame j 

is a semi-steel casting. The poles are ' 

built up of steel laminations pressed 

solidly together between steel side 

pieces, or in the smaller sizes cast 

solid with the frame. Pole horns supn ! 

port the field coils and give the proper ' 

flux distribution in the air gap. The ^^ 

shunt field coils are wound upon cast- 'T^ 

iron forms and are thoroughly insu- 
lated. The series coils are made .of -i* 

strip copper, insulated with mica, and "* *°' "" pt^ '™'"" ' 

protected with a cord winding on the 

outside. This construction is shown in Fig. 39. In the smaller 

machines the armature coils are form-wound. 

Fort Wayne Electric Works. 
Engine Types. Although this has 
become a subsidized company of the 
General Electric Company, their 
apparatus retains its distinctive 
features. The frames of the engine 
type generators are made in two 
styles, those divided horizontally 
and those divided vertically. The 
former are made in sizes from 15 
.kw. to 1000 kw., and the latter 
from 50 kw. to 1000 kw., inclusive. 
The vertically divided frames, by 
means of proper screw mechanism, 
can have the two halves moved 
apart horizontally in a direction at 

right angles to the shaft. The pole pieces are made up of sheet 

iron punchings and sheets of insulating material, as shown at e 
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and c, Fig. 40. These are riveted together, slotted to about one- 
half their length, as shown at n, and provided with grooves m for 
holding them securely in the frame. After being cast welded into 
the frame, they are machined and, in the larger sizes, fitted with 
pole shoes. The field coils are wound on insulated metal forms, as 
shown in Fig. 41, providing good ventilation. Fig. 42 shows a hori- 
zontally split frame with armature removed and dearly illustrates 



these details, including the method of shifting the brush yoke. The 
armature is of the usual ironclad, one-piece coil, well-ventilated type. 
A partly wound armature is shown in Fig. 43. 

Belt-Driven Types. Fort Wayne belt-driven types are manu- 
factured in sizes from j to 400 kw. They embody the same charoc- 
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teristics as the direct-connected type, but the base, field frame, puHey, 
and pedestal, and partofthecommutatorend pedestal, are all cast in 
one piece, with the laminated pole pieces cast welded into the yoke. 
Fig. 44 clearly shows this method of construction and Fig. 45 shows 
one of the larger size three-bearing belted generators. 

Oeneral Electric Coitq)any. Railway Types. Kg. 46 shows a 
direct-connected railway generator built by this company. These 
machines range in size from 100 to 2700 kw,, having from 6 to 26 
poles and running at 275 to 75 r. p. m. They are compound>wound, 
generally furnishing 525 volts at no load and 575 at full load. This 
company's line of direct-driven 
lighting and power generators is 
of similar design, from 25 to 200 
kw., 6- and 8-pole, running at 
310 to 110 r. p. m. and giving 
125 or 250 volts. Sizes giving 
275 volts are from 300 to 2000 
kw,, with 10 to 24 poles, running 
at 150 to 100 r. p. m. 

In all these machines the 
external circular yoke of the field 
is made of cast iron of oval cross 
section, except in the very large 
sizes where it is cast with a box- _, „ „ , „, . „ ., .„,,~.. 

_ Fig. 47. Genewl E1e«t(nJ VenlUated Rdd Owl 

like construction to give greater 

stiffness. The two halves are fastened together by bolts entirely 
hidden. The poles are solid steei castings, accurately fitted and 
bolted to the yoke. They are also keyed in such a way that they 
may be slipped out laterally. Pule shoes, laminated in machines 
above 200 kw., are designed to give a graduated flux density in 
the air gap and also serve to keep the field coils in place. The field 
coils are rectangular in shape, as shown in Fig. 47. The end flanges 
of the spools are ventilated and ducts are formed in the coils. 

In the larger machines, the series and the shunt coils are wound 
on separate parts of the bobbin, while in the smaller sizes the shunt 
winding is over the series. The toothed armature core laminations 
are built up upon the rim of a strong central spider shown in Fig. 48. 
At suitable intervals between laminations, space blocks, as illu»* 
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trated in Fig, 49, are inserted. These are made of steel strips set on 
edge and interlocked with the laminations, thus forming ventilating 



ducts or air passages. The arms of t^e spider have cast upon them 
wings or fan bla,des. These serve as a powerful centrifugal fan to 



Fie. 49. Geosral Elntric Armature Space Bteck 

keep a constant blast of air passing between the laminations and 
windings and around the poles. An armature embodying these 
features is called a venlilated armature. 
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The armature C0U3 are of the form-wound copper strip type, 
held in the slots by wooden wedges. ' Equalizing rings are provided 
on generators having multiple-wound armatures. These rings, 
mounted on the end flange on the back of the armature, as shown 
in Fig. 4S, are used to connect the armature windings between points 
of equal potential, so that any unbalancing that may occur will be 
equalized by the alternating currents that will flow through these 
rings between the sections. These currents, due to the armature 
reaction, equalize the pole strengths, thus causing an equal division 
of the direct current in the several paths, and they thereby improve 
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the commutation very much. Commutators and brush holders are 
of generous design, allowing large radiating and contact surfaces. 
In the General Electric railway generators all sizes above 1000 and 
below 400 kw. are equipped with commutating poles. These com- 
pensate armature reaction at all loads and secure exceflent commu- 
tation. (See "Electro-Dynamic Company", page 68.) 

During the past few years railway generators wound for poten- 
tials of 1200 to 1500 volts and capable of carrying three times normal 
load, have been developed. Owing to the necessity of carrying such 
heavy overloads, it Is usual to provide, in addition to the commutating 
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field, a compensating winding so proportioned as to prafH:icaUy nullify 
the effect of armature reaction. This winding consisting of heavy 
copper bars, is placed in slots in the pole surface and connected in 
series with the armature, commutating field, and series field. It 
will be readily seen that the current flowing in these windings will 
rise and fall at the same rate as the current in the armature winding, 
thereby preventing flux distortion and resultant sparking. In- Fig. 
50 can be seen the compensated windings for a 500-kw. field frame. 



Fig. 51. Geiwral ElMlric- Boiled Generstot on Cut-Inin Sub-fl»« 

Belted Types. The General Electric Company builds several 
lines of belted machines. Fig. 51 illustrates their medium size 
belted machine. These are 6-pole, 16- to 150-kw. capacity, and 
running at speeds from 1100 to 500 r. p. m. They are wound for 
125, 250, or 500 volts. Another line, called type D LC, employs 
commutating poles. These range in capacity from 20 to 150 kw., 
run at speeds from 1425 to 650 p. p. m., are 4- or 6-pole, and are 
wound for standard voltages of 125, 250, and 575. The main poles 
are made of laminated iron, while the commutating poles are of 
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smaller section and are constructed of machine sted. Jhe spedal 
features are clearly shown in Fig. 52. 
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Tkree'Wire Types. General Electric 250-volt generators he- 
come three-wire generators by adding two collector rings, mounted at 



Fif. U. Gtoeni Electric Three-Win Ceoentoi 



the commutator end and connected to the proper points in the anna- 
ture winding. Machines of this type up to 200 kw. are illustrated 
in Fig. 53. The brush rigging for the collector rings is supported 
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from the pillow block and makes connection by copper brushes to a 
compensator. These compensators are similar in constnictioD to 
transformers and consist of two or more insulated coils wound on a 
laminated iron core. They carry an alternating current and serve 
to maintain a neutral potential at their middle point, to which, there- 



fore, can be connected the middle or neutral wire of a three-wire 
system. 

Generating Seta. This company also manufactures a line of 
small direct-current generating sets, both generator and engine 
complete, in sizes from 2\ to 75 kw,, running at speeds from 700 to 
280 r. p. m. In the smaller sizes the generators are 4-poIe, 110-volt, 
while in the larger they are G-pole, 126-voIt. Designed primarily to 
meet the severe conditions of marine work, which demands light, 
' very compact, and extremely durable sets of close regulation, these 
^nerators are in addition employed for power and lighting in isolated 
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plants and as exciters in central stations. Fig. 54 illustrates a 50- 
kw. set of this type. 

Turbine-Driven Types. The direct-current Curtis steuu tur- 
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bine sets brought out by the General Electric Company are arranged 
with horizontal shaft as illustrated in Fig. 55. They are built in sizes 
from 5 to 300 kw.; at 120 and 250 volts. The generators are of the 
most recent and improved types. By the use of commutating poles. 
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sparking under all conditions of load is eliminated. Spedal com- 
mutator constructions on account of the high speeds and massive 
brush rigging are also employed. The generators are driven by 
overhung turbines consisting of one or two wheels, thus keeping the 
bearings down to two in number. 

Low VoUage Types. This company also builds low voltage 
generators to be used for electrolytic work. These range from IJ 
to 15 kw., running from 1800 to 1200 r. p. m., and giving from 2 to 
10 volts. They are double commutator machines, as shown in Fig. 
56, the smaller ones being self-exciting, while the larger employ 
small high-speed bipolar series exciters. 



Fig. 58. Holtifr-Cabot lOOO-Ampen PlKtini Generelor 

Holtzer-Cabot Electric Company. Fig. 57 shows the belted 
generators built by this company. The line of these machines 
includes sizes from I to 120 kw. at speeds from 1800 to 500 r. p. m. 
The field ring in the smaller sizes is a one-piece casting, but it is split 
in the larger sizes. The poles are of wrought iron, cylindrical, and 
cast welded into the yoke. The field coils are form-wound with 
mica reinforced insulation. The armature is ironclad with windings 
of round, ribbon, or bar copper depending upon the size of the 
machine. The armature coils are one piece and held in the slots by 
maple strips and non-magnetic binding wires. The commutator 
segments are drop>-forged copper in the smaller sizes and hard drawn 
copper in the larger sizes. The shaft is of crucible steel with the 
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bearings of hard phosphor bronze, self-aligning and self-oUing, while 
the pedestals are bolted to the base. By changing the windings and 



Ridgway ISO-Kilo 



modifying the commutator and brush constructions, these frames are 
adapted to plating generators, as shown in Fig. 58. 
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Ridgway Dynamo and Engine Company. Tlib company manu- 
factures complete engine-dri\en units and also belted generatora 
from 10 to 750 kw., in the three standard voltages of 125, 250, and 
550, illustrated in Figs. 59 and 60. These machines in addition to 
employing the usual methods and materials of high grade generator 
construction, have several distinguishing features. The field ring or 
yoke is constructed of steel laminations, the punchings being securely 



Fic. ai. Ridgway 400-Kilairatt Fipld Ready to Wind 

held between heavy cast-iron clamping rings having a modified 
I-beam section. The pole pieces are also laminated and are built up 
in two separate parts. One part forms the core for the shunt field 
coil, while the other is the pole shoe. The two parts are firmly 
bolted to the field ring by heavy cap bolts that pass through the pole 
core and screw into the pole shoe. 

Between the pole shoes are placed commutating poles, or inter- 
poles. These poles also are built of laminated steel, and are sup- 



50 TYPES OF DYNAMO-ELECTRIC MACHINERY 

ported from the pole shoes by brass kejs driven hito slots in the sides 
of the poles themselves and the adjacent pole cores. The pole shoes 
are provided with three slots each, through which are wound the "bal- 
ancing coils". These coila take the place of the series field coils of 
the ordinary compound generator. Balancing coils lie parallel to 
the armature conductors and are so wound that the current in them 
flows in the opposite direction to that in the armature conductors. 
The coils are connected in series with the armature and thus are 
enabled to set up a local magnetic field, opposite in direction and just 



Fig. ez. SturtcTut S-Pnie Direct-Driven Gensntor 

balancing that of the armature winding. This holds the field, due 
to the shunt coils, in the same place for ail loads, and gives a fixed 
plane of commutation. The central portion of each balancing coil 
is wound around the commutating pole and sets up a commutating 
field, giving sparkless commutation with fixed brush position at any 
and all loads. Winding the balancing coils eccentrically and also 
adding a few extra turns produce a compounding effect. Fig. 61 
illustrates the laminated steel field construction here described. 

These machines become three-wire generators by the addition of 
two collector rings furnishing alternating voltage to a choke coil 
whose middle point is connected to the neutral wire of the system. 
The balancing coils are now divided and half are connected on one 
side and the remainder on the other side of the armature- 
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B. F. Sturtevant Conq)any. This company manufacturea both 
the steam engines and the generators ot their direct-driven units. 
These lines ot units comprise an engine tj-pe generator in capacities 
from 20 kw. at 375 r. p. m. up to 150 kw. at 250 r. p. m., all 8-pole, 
driven by horizontal steam engines. Sturtevant 10-pole generators 
range from 150 kw. at 200 r. p. m. to 500 kw. at 160 r. p. m., these 
latter being driven by vertical compound engines. 



ng. as. eturtcTut e-Pols S-KUowbM Genaratlnc Unit 

This company's generating sets of 6- and 8-poIe generators 
combined with various vertical engines give capacities from 3 kw. at 
600 r. p. m. up to 100 kw. at 350 r. p. m. Figs. 62 and 63 illustrate 
these types. The magnet frame is of cast iron split horizontally. 
The pole pieces are through bolted to the yoke and carry cast-iron 
shoes. The field coils are machine-wound of open construction to 
secure TnaTimiim ventilation, the series and shunt coils being wound 
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separately. The armature is of the ironclad type with the st«el 
laminations mounted on a cast-iron spider. The armature coils are 
made waterproof and oilproof by dipping in armalac and baking for 
24hoursina temperature of lOCC. AVithin the armature core are 
space blocks having radial arms that act like the blades or the vanes 
of a centrifugal blower, thus increasing the ventilation. 

This company also puts on the market a line of steam turbine 
generator sets ranging from 3 kw. at 3000 r. p. m. to 75 kw. at 2000 
r, p. m., the generators being wound for voltages from 100 to 250. 
One of these is illustrated in Fig. 64. 



Fig. 01. StuHcvanl Sieam Turbins Direci-Conntrted to Gener»tor 

Triumph Electric Company. Engine Types. Fig. 65 shows one 
of a line of Triumph engine tjpe generators, ranging in size from 30 
to 1000 kw. The magnet frame is made of close grained cast steel 
with pole pieces of the laminated type bolted to the frame. Sizes 
smaller than 250 kw, have the frame split vertically, while the 
lat^r sizes have the frame split horizontally. The shunt and series 
coils are wound separately, the series coil being formed of solid bar 
copper, with spaces left between the coils. The armature is 
of the self-contained ironclad tjpe. With the exception of the 
higher voltage and the smaller machines the armatures are bar- 
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wound, each coil consisting of one continuous length of solid copper, 
and held in position by hardwood wedges. 

Generating Sets. This company also builds a line of generating 
sets of the marine type as shown in Fig. 66, in sizes from 4 to 25 kw., 
all 4-pole machines and running at 500 to 350 r. p. m. 

Belted Types. Triumph belted generators are built in sizes 
ranging from ^ to 100 kw. The frame is made of close grained 



steel. The larger sizes are built with laminated poles and the 
smaller sizes employ solid steel poles with laminated tip or shoe. 
The larger frames employ a three-arm bracket, as shown in Fig. 67, 
to support the bearings, while in the smaller frames only a two-arm 
bracket is employed. 
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Three-Wire Types. This company's line of three-wire generators 
is illustrated in Fig. 68. These machines are built in all standard , 
sizes from 25 kw. up and are wound for 250 volts. They differ from 
the single voltage machines only by the addition of three collector 
rings tapped into the direct-current armature winding at the proper 
points. These collector rings are attached to three reactance coils, 
connected in star, their neutral point being joined to the neutral 
wire of the three-wire system. 

Westinghouse Electric and Manufacturing Company. IrUerpole 
Type, This company builds a line of direct-connected generators, 
designated as type Q, in sizes from 25 to 1000 kw. Up to 100 
kw. they are wound for 125 or 250 volts at full load; from 100 up 
to 300 kw. they are wound for either 125, 250, or 600 volts at full 



Fig. 69. WatlD^HniM IVpe Q Mbid Coil Fig, TO. WntinghouM Typa Q 

Windinrt Field CoUs Showioc Air Spu« 

load; and above 300 kw. they are wound for 250 or 600 volts at full 
load. They are all compound-wound and employ commutating 
poles or interpoles. The no-load voltages are 118, 230, and 550. 
The field frames are of cast steel of approximately elliptical cross 
section. Machine having a capacity of 50 kw. and greater have 
their frames divided horizontally, while machines of small capacity 
have their frames cast in one piece. The pole pieces are laminated 
and through bolted into the frame. The main field coils are con- 
structed so as to afford the best ventilation. An air apace is provided 
between the inside of the shunt coil spoob and the ades of the poles. 
The series coils are made of bare edge-wound strap windings. There 
is an air space between adjacent turns and between each shunt and 
series coi), permitring a free circulation of air about each conductor. 
This construction is shown in Figs. 69 and 70. The commutating 
poles are made of one piece of steel and are firmly bolted to the 
frame. The ccnnmutatiug pole coils are (A edge-wound co[^>er 



TYPES OF DYNAMO-ELECTRIC MACHINERY 57 

strap. The armature and commutator are constructed according to 
the usual Westinghouse types. Since the brushes of the interpole 
generators should not be shifted after being once properly located, 
the shifting gear is eliminated. . The brush gear is supported by a 
cast-iron rocker ling fitted in a recess in the steel frame and rigidly 
held in place by cap screws and washers. Fig. 71 shows the 0[>en 
instruction of the field coils and armature of this line of machines. 



tig. 71. WcMinchouw Type Q OeiMralor Sbowing Otwd ConstruetioD vid toltrpolH 

Bebed and Standard Types. The Westinghouse Company 
builds a line of self-contained generators in standard sizes from 100 
to 300 kw. at 250 and 550 volts and from 100 to 200 kw. wound for 
125 volts. They are adapted for belt driving or for direct connection 
where frames with bearings are desired. The pedestals are bolted 
to the bed plate and support self-oiling bearings that consist of cast- 
iron shells lined with babbitt metal and lubricated by means of 
rings that ride upon the shaft and dip into large reservoirs, in the 
pedestals, filled with oil. The rings, rotated by the motion of the 
shaft, continually bring up a supply of oil. 
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Another line of machines, designated type S, furnishes the 
smaller sizes. The methods of manufacture and materials for the 
various parts are the same as in the other lines, but the outward 
appearance is entirely different, since the bearings are supported by 
brackets of the skeleton type with radial arms and an outer ring 
hotted to the frame. (See motor of same type, Fig. 105.) The 
standard belted machines range from 2 to 85 kw, for 125 and 250 
volts and from 3J to 75 kw. at 550 volts. When direct-connected 
they require special windings ar.d the capacity of any frame changes, 
the output being roughly proportional to the speed of the armature. 
Still another line, called t\-pe R, gives eight sizes from J to 7J 
kw.; the smallest four sizes being bipolar, the others 4-pole, These 
are intended for belt driving, although the multipolar frames can be 
adapted for direct driving. 

Three-Wire Types. Any engine type, any self-contained, and 
any type S generator of this company above 5 kw., provided the 
voltage is 250 or 550, may, by the addition 
of properly connected collector rings, become 
a three-wire generator. The Westinghouse 
Company prefers the two-phase arrangement. ■ 
This necessitates four collector rings, as shown 
in Fig. 72. It further requires two compen- 
sators or autotransformers. These consist 
^'laBThiM^WreCieMra'^r*' ^^"^^ "' * single Winding upon a laminated 
core and are each connected to two of the 
collector rings. The middle points of the autotransformers are 
connected together and to the neutral of the three-wire system. 

MOTORS 
General Characteristics. Direct-current motors are either 
shunt, series, or compound. A shunt motor runs at practically 
constant speed for all loads, has a torque almost directly proportional 
to the armature current, and has a starting torque usually 50 to 100 
per cent greater than full load running torque. A series motor runs 
at greatly decreasing speed for increasing loads, has a torque that 
increases almost as the square of the armature current or at least 
much faster than proportional to it, and has a powerful starting 
torque. A compound-wound motor approximates the shunt or the 
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series type in its characteristics, depending upon what winding 
preponderates. 

Speed Classification. Direct-current motors, according to their 
speed performance, fall into four different classes: 

(1) Constant speed motors, in which the speed is either constant 
or does not materially vary, as shunt motors and compound motors 
in which the shunt field preponderates. 

(2) MuUispeed motors (two-speed, three-speed, etc.), which can 
be operated at any one of several distinct speeds, these speeds being 
practically independent of the load, such as motors with two arma- 
ture windings. 

(3) Adjustable speed motors, in which the speed can be varied 
gradually over considerable range, but when once adjusted remains 
practically unaffected by the load, such as shunt or slightly com- 
pounded motors designed for a considerable range of shunt field 

variation. 

(4) Varying speed motors, or motors in which the speed varies 

with the load, decreasing when the load increases, such as series, 
motors and compound motors in which the series winding pre- 
ponderates. 

DESCRIPTION OF TYPES 

Allis-Chalmers Manufacturing Company. The larger (constant 
speed motors of this company employ the same frames as their belt 
generators. These motors include many sizes at 110 and 220 volts 
from 50 to 400 horsepower, ranging in speed from 800 to 180 r. p. m. 
Allis-Chalmers type K machine, shown in Fig. 73, is built in different 
frame sizes with a number of ratings for each frame, depending upon 
the winding and the speed. The smallest shunt-wound constant 
speed size in the 110-volt line is J h. p. at 500 r. p. m., and the 
largest is 80 h. p. at 500 r. p. m. They are also wound for 220 and 
500 volts. They can be used as adjustable speed motors with a 
range in speed of 1 to 3. They can be wound as any type compound 
or series motors, thus becoming varying speed motors. 

The cylindrical field magnet yoke is of open hearth steel and is 
machined on each end to receive the housings that carry the bearings. 
The housings are held in place by through bolts and on 4-pole 
machines can be rotated 90 degrees or 180 degrees to allow side wall 
or ceiling mounting; bipolar machines can be arranged for floor or 



305 
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ceiling mounting. The pole cores fastened to the yoke by cap screwa 
are circular in cross section and made of open hearth steel. The 
pole shoes are of steel punchings riveted together and fastened to the 
cores by screws. The field coila effectively impregnated so as to be 
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moistureproof are wire machine-wound. The armature is ironclad, 
of the ventilated type with interchangeable form-wound coils. ' 

Fig, 74 shows an Allis-Chalmers type K motor direct-connected 
to the work. Standard motors of this typ« are made open at the 
ends; they can, however, also be made semi-enclosed and totally 
enclosed by the addition of suitable metal enclosing covers fitted to 
the end housings. The semi-enclosed type uses perforated covers 
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forming a screen that, while allowing a circulation of air, protects 
the motor from flying particles. Totally enclosed motors are dust- 
proof and moistureproof. This shuts off the ventilation, and the 
output of a given frame is less for the totaUy enclosed type than for 



the others. The enclosed motor does well, however, for intermittent 
work where it has ample time to cool in the intervals of work. 

The AUis-Chalmers Company also manufactures railway motors, 
as illustrated by Fig. 75, of the 4-poIe series type, fitted with inter- 
poles. The cast-steel field frame is split horizontally through arma- 
ture and axle bearings, the lower half arranged to open downwards. 
The main pole pieces are of soft steel punchings, securely clamped 
between and riveted to malleable iron end plates. The commutating 
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poles are of solid steel. The armature is ironclad with ventilating 
ducts. The coila are wire-wound, a sufficient number being bound 



Fie. 75, Allis-Chilnwn R 



and insulated together to form a coil group. The two brush holders 
are rigidly mounted in the top half field frame. 
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C & C Electric & Manufacturing Company. This company 
employs the frames of their line of standard belted generators, shown 



in Fig. 26, for constant speed motors of the larger sizes. These 
machines are wound for 125, 250, or 500 volts. For the smaller sizes 



C di C Semi-EncloKd S L Mob 



they employ the type SL frames wound shunt or compound for 
constant speed. The SL frames are arranged for ceiling and wall 
mounting as well as with vertical shaft projecting upward or down- 
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Fig. 78. C 4 C Type B L Mottw Driving Recjproulinc Compn 
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TYPES OF DYNAMO-ELECTRIC MACHINERY 65 

ward. All of these varieties can also be semi-enclosed or fully 
enclosed. With proper windings they become adjustable speed 
motors and are built for a speed variation of 5 to 1, In the last case 
they are provided with commutating poles. Figs. 76, 77, 78, and 79 
are illustrations of these machines. This company also manufactures 
multispeed motors with two armature windings and double com- 
mutators, as shown in Fig. 80. They are used for running printing 
presses when equipped with series parallel method of control. In 
the smaller sizes this type employs the SL frames. 



Crocker-Wheeler Company. The larger constant speed motors 
of 50-horsepower capacity and larger are obtained by this company 
by using the same frames as for their form H betted generators. 
These motors all employ commutating poles. The frame or' yoke 
is of cast iron with poles and interpoles of steel cast welded into the ' 
yoke. The main field coils are held in place by pole shoes. The 
bearings are supported by four arm brackets bolted to the m^net 
frame. These features are illustrated in Figs. 81 and S2, ^hile 
Fig. 83 clearly shows the durable armature and commutator spider 
construction. The company's form I machines, shown in Fig. 32, give 
them shunt motors from 3f to 50 horsepower at 110, 115, 220, 230, 
or 500 volts, the speeds falling between 1260 and 330 r. p. m. This 
type of frame can be shunt-wound, series-wound, or compounded 
to any degree, as well as furnishing a line of field weakening, adjust- 
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able speed motors which give speed ranges of 2 to 1, 2} to I, or 3 to 
1, as desired. It also can be arranged for floor, side wall, or ceiling 
mounting or with vertical shaft. 

By adding proper covers to the open type it becomes enclosed 
or semi-enclosed, the latter either grid or gauze. Enclosed motors 
are particularly adapted to operate in flour mills, woodworking shops, 
boiler rooms, etc., where the air is continually filled with fine par- 
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ticies. Being almost airtight, they are of a larger frame for a given 
output than open ventilated motors; but with proper windings and 
frame they may be practically of the same efificiency as the open 
types. They are not well adapted for continuous running, but do 
admirably for intermittent service. For the smaller sizes of con- 
stant speed machines, the Crocker-Wheeler Company uses a 2-pole 
motor called by them form L. They are made in sizes from A to 
7J horsepower for operation on I15-, 230-, or 500-volt circuits and 
are suited for application to all sorts of light machinery. The special 
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feature in this line is that the frame is of cast steel with the poles 
cast integral with the rest of the frame and carrying laminated pole 
shoes. The sizes from J to 3 horsepower furnish, when properly 
wound, adjustable speed motors providing speed variations of 2 to 
1,2J tol.orStol. 

Fig. 84 shows one of this company's many applications. To 
supply the demand (or trav- 
eling crane motors, they have 
developed a line of motors 
shown in Fig. 85. These are 
made in sizes from 1 ( to 60 
horsepower operating on 115, 
230, or 500 volts. They are 
series-wound, compact, of 
strong and durable construc- 
tion, with rectangular frame, 
and are protected against dirt 
and moisture by enclosing 

Electro-Dynamic Com- 
pany. A prominent type of 
adjustable speed motor is that 
of the Electro-Dynamic Com- 
pany in which speed variations 

Fi«. Si. TravcUng H™« Drivep by Croclt«- ^3 8™^* ^ f^Om 6 tO 1 may be 

Wheeler Mot.* obtained by field weakening. 

Sparking is prevented by the employment of interpoles; tliat is, 
auxiliary poles, small compared with the main poles, are located 
between the latter and provided with coib connected in series with 
the armature. The flux of these interpoles is in direct opposition 
to that of the armature and gives the commutation field. Since the 
coils of the interpoles are connected in series with the armature, the 
commutation field is not affected by weakening the shunt or msdn 
motor field to obtain the increased armature speeds, and is, further- 
more, proportional to the load, thus producing sparkless commuta^ 
tion at all loads and speeds within the limits of the design of the 
machine. As the action of the interpoles is reversible the motors 
can he run equally well in either direction. 
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Fig. 86 is a view of one of these motors with the bearing housings 
and armature removed, showing the interpoles. These motors are 
manufactured in sizes from J to 75 horsepower as 4-pole machines 
and in sizes from 40 to 150 hor^power as 6-pole machines, operating 




on 110-, 220-,or 500-voIt circuits and giving speed variations of 6 to 
1, 5 to 1, 4 to 1, 3 to 1, 2 to 1, or li to 1. The field yoke is of the 
best electrical steel cast in one piece. The main poles are made of 
cast electrical steel or of laminated steel and are bolted to the field 
yoke. They are skewed along the axis to prevent noise and to 
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permit the gradual approach to maximum field strength under the 
poles. The interpoles are made of wrought iron or electrical steel. 
Main and Interpole field coils are form-wound. The armature is of 
the ventilated ironclad drum-wound type, the coils being held in 
the slots by wedges. These motors are furnished either with ring 
oiler or ball bearings, as shown in Fig. 87. The end housings are so 



designed that the motor may be semi-enclosed or enclosed. It is 
also manufactured with vertical shaft. Fig. 88 shows one of the 
many applications of this machine. These same frames with differ- 
ent field windings furnish a line of constant speed shunt-wound 
motors. 
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Fairbanks, Morse & Company. This company manufactures 
several lines of constant speed shunt-wound motors, using the same 
frames as for their lines of belted generators. The separate motors 
range from 150 horsepower at 650 r. p. m., like Fig. 38, down to 2 
horsepower at 1800 r. p. m., like Fig. 37. The same frames are also 
compound-wound, giving a drop in speed of about 20 per cent 
between no load and full load. They are wound to operate on 115-, 
230-, or 550-volt drcuits. The smaller sizes are made in all the 
varieties of open, semi-enclosed, or enclosed, and arranged for floor, 
ceiling, side wall, or vertical mounting. Fairbanks, Morse & Com- 
pany also furnishes a line of adjustable speed motors with speed 
variation of 2 to 1 or 4 to 1, as called for. Their frames, similar to 
Fig. 37, also furnish a line 
of commutating pole motors. 
Fig. 89 shows one of their 
smaller motors driving an 
exhaust fan. 

Fort Wayne Electric 
Works. For the largest dj- 
rect-connected, constant 
speed motors, such as would 
be needed for driving air com- 
pressors, for instance, this 
company employs the frames 
of their engine type generat- 
ors shown in Fig. 42. Their 
medium capacity, belted, 
constant speed motors from 
25 to 105 horsepower, shown 
in Fig. 90, are practically identical with their belted generators. These 
sizes are 6-pole machines and are made for slow, medium, or moder- 
ate speeds operating on 1 15-, 230-, or 500- volt drcuits. Their 
Northern type B motors, shown in Fig. 91, serve for their smaller 
sizes. The yoke or field frame is of soft cast steel, circular and in 
one piece. The poles are of laminated sheet steel through bolted 
into the frame. The field coils are form-wound and rendered mois- 
tureproof. The armature is of the slotted drum type with ventilat- 
ing ducts. The form-wound armature coils are held in place by 



Fie eo. Fort Wiyae 6-Fole Belted Motai 



'1 Wayac Northecn Typo B Mob 



74 TYPES OF DYNAMO-ELECTRIC MACHINERY 

binding bands recessed flush with the armature surface. The com- 
mutator is mounted upon and keyed directly to the shaft. The 
bearings are carried by end bonnets attached to the frame casting 
by four cap screws. By changing the end flanges through 90 degrees 



C 
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or 180 degrees, the same motor can be arranged for side wall or 
ceiHng mounting. This line can also be arranged as semi-enclosed 
and totally enclosed motors, as well as furnishing vertical types. 



When furnished with interpoles or, as this company calls them, 
regulating poles, they become adjustable speed motors. 

Fort Wayne Electric Northern type K motors are series-wound 
and reversible. They are built to operate on 110, 220, or 500 volts 
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and are rated in sizes from J-horaepower to 100-horsepower capadty 
OD aba^a of thirty minutes* continuous operation. They are 4-pole 
with rectangular cast steel frame of box-like appearance. This is 
shown in Fig. 92. The bearings are carried by the end plates or 
bonnets. Fig. 93 shows a crane trolley operated and controlled 
■ by these motors. 

Qeneral Electric Company. Constant speed motors of medium 
capacity are manufactured by this company, using the frames of 
their 4- and (>-pole belted generators shown in Fig. 51. The slow 
speed line furnishes sizes from 250 to 20 horsepower and the moderate 
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Speed from 350 to 30 horsepower. The speeds of the slow speed line 
are between 925 and 425 r. p. m., while those of the high speed line 
are from 1250 to 650 r. p. m. The commutating pole design permits 
the construction of a machine of comparatively large capacity and 
light weight. The running temperatures are kept low by the free 
circulation of air through all the parts, the armature and commutator 
being thoroughly ventilated by means of a fan mounted on the 
pulley end of the armature shaft. These machines are furnished as 
open, semi-enclosed, enclosed ventilated, and totally enclosed. A 
semi-enclosed machine is shown in Fig. 94, and one with forced venti- 
lation is shown in Fig. 95. 
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For the smaller machines the General Electiic Company has 
a line of commutating pole machines, called type C V C, from 2- to 
20-horsepower ratings. A feature of these machines is the 6eld 
windings of rectangular, cotton covered wire, wound on hom fiber 
spools. The main field coils are also armor-wound with a single 
layer of enameled copper wire> serving the double purpose of protect- 
ing the active winds from mechanical injury and assisting to a better 
degree of heat radiation than would be possible with the old style 



taped or cord proteoted coil. This line allows of any style of mount- 
ing or any degree of enclosure. The field windings may be shunt 
series or compound, giving rise to constant, Bdjustable, or varying 
speed motors. The direct-current mill motors brought out by the 
General Electric Company are of octagonal frame and fireproof con- 
struction in five sizes from 30 to 150 horsepower at 230 volts. They 
employ interpoles and are series-, shunt-, or compoiind-wound a3 
desired. One of this line is illustrated in Fig. 96. 
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Another complete line of motors is that of the General Electric 
railway motors, the latest forms of which also use commutating 



Fig. as. Coneisl Electric Rulvay Motor Sfaawing Method of VentiUtion 

poles and forced ventilation obtained by means of a centrifugal fan 
integral with the pinion and armature core head. The outer ap- 
pearance and method of ven- 
tilation are shown by Figs. 
97 and 98. Besides their 
larger machines, this company 
also puts upon the market a 
complete line of fan motors 
and small power motors from 
iV to } horsepower, inclusive. 
These latter are known as 
drawn-shell type motors. The 
frame is punched out of soft 
steel and then forced into 
shape. The yoke and pole 
pieces are made of punched 
DnwD-sheii Dectric Motor lamination3,as3nownml'ig.99. 
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Holtzer-Cabot Electric Conqiany. The belted generators manu- 
factured by this company, illustrated in Fig. 57, become, with 
proper windings, their constant 
speed motors of 1 to 160 horse- 
power. These frames, when 
employing a heavy compound 
winding, become varying speed 
motors suitable for elevator serv- 
ice in capacities from 5 to 45 
horsepower. In this line, how- 
ever, the base and pedestals are 
dispensed with and the bearings 
are held by brackets bolted to 

the frame. The company's type pi,. ,oo, Hait«rc.bot d. c. Motor. Op«n 
C machine, shown in Fig. 100, '^"" 

pves them sizes from J to 30 horsepower to be run at 115-, 230-, or 
550-volt circuits. They can be arranged in any position and for any 
degree of ventilation. They can be built as adjustable speed motors 
for a speed variation of 1 J, 2, 3, or 4 to 1 by field weakening. This 



company also places a number of motors of very small sizes upon the 
market. 

Reliance Electric and Engineering Company. This concern 
manufactures an adjustable speed motor, shown in Fig. 101, built 
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in sizes from 1 to 30 horsepower and with speed variations as great 
as 10 to 1 and as small as desired. It is a simple shunt^wound 
machine, obtaining its speed variation by altering the reluctance of 
the magnetic circuit of the machine so as to weaken or strengthen 
the magnetic field. The principal parts of this machine are shown 
in Fig. 102, a portion of the illustration being in section. The end 
of the armature shaft on which the commutator is mounted revolves 
in a sleeve that slides in the journal bracket. This sleeve is moved 
back and forth by means of a forked lever controlled through a rod 
and nut, by the screw on the spindle of the handwheel. The hetical 
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compression spring surrounding the lever rod always balances the 
magnetic pull that is exerted by the poles on the armature core. 
The armature core is slightly tapered, the commutator end being 
larger in diameter than the other end, and the pole faces are bored 
to the same taper. When the armature is drawn towards the journal 
bracket on the commutator end, the air gaps are increased in length 
and decreased in area. This increases the reluctance, thereby weak- 
ening the field and increasing the speed. 

Sparking at the brushes when operating at weak fields is pre- 
vented by means of special commutating poles midway between the 
main poles. These commutating poles are in series connection with 
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the armature and laterally displaced from the main poles on the side 
toward which the armature is withdrawn. The machine is so 
designed as to give sparkless commutation at all loads at any speed 
in either direction. The brush rigging is mounted on the end of the 
sleeve containing the ball bearing, and therefore this bearing, brush 
rigging, and armature move in unison with no lateral displacement 
of the brushes on the commutator. The driving end of the shaft 
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slides in a sleeve that revolves with it but does not slide endwise; 
the driving gear, coupling, or pulley are mounted on the end of this 
sleeve. 

This company also puts a line of constant speed motors on the 
market ranging from J to 50 horsepower; 15 horsepower and 
smaller are wound for either 115 or 230 volts, while the larger sizes 
are wound only for 230 volts. 
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Stow Manufacturing Company. The Stow multispeed motor, as 
it is called, really belongs to the adjustable speed class, obtaining its 
speed variations by changing the reluctance of the magnetic circuits. 
It is bipolar in sizes from } to 4 horsepower, and 4-pole from 4 to 
20 horsepower. Fig. 103 shows one of the 4-pole type. The pole 



cores are made hollow and provided with iron or stee! plungers, the 
position of which is adjustable through pinions and worm gears 
operated by a large handwheel placed on the top or the mde of the 
machine as preferred. When the plungers are withdrawn, the total 
flux decreases because of the lengthening, and because of the decrease 
in the effective area of the air gap and also the decrease of effective 
metal in the field cores. The speed must necessarily increase with 
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decrease of flux. Also, when the plungera are withdrawn, the flux 
is along the polar edges, thus mwntaining a strong commutation 
field and also decreasing armature reaction by increasing the reluc- 
tance of the armature flux. These effects allow sparkless commu- 
tation at any load at any speed within the limits of the design. 
These motors can be designed to give a speed variation of 3 to 1. 

B. F. Sturtevant Company. This concern places two lines of 
motors on the market. Their S-pole motors are made in sizes from 



iro-Clfm Ekctrio ElsvMor 
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9 to 225 horsepower. Those above 40 horsepower are the same in 
appearance as the generators shown in Fig. 63. The smaller sizes 
employ three arm-bearing brackets in place of the pedestals. Sturte- 
vant 4-poIe motors are built in nine sizes of frames from IJ to 35 
horsepower, and their external appearance is as in Fig. 104. These 
are all constant speed machines. 

Triumph Electric Company. For their lai^r sizes in constant 
speed motors this company, like the others, employs their belt- 
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driven generator frames of the design shown in Fig. 67. Six frames 
are bipolar from J to 5 horsepower and eight frames are 4-pole 
from 7J to 40 horsepower. They can be wound shunt, series, and 
compound, thus becoming besides constant speed motors, also vary- 
ing and adjustable speed motors. 

Westinghouse Electric and Manufacturing Company. A line of 
motors, designated type S, consists of thirteen frames. Used as con- 
stant speed motors, they have ratings from 2 to 75 horsepower at 
110 volta, from 2 to 150 horsepower at 220 and 500 volts, and from 
6 to 100 horsepower at 600 volts. They are mounted in any of 
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I>own for Inspcctidn 

the four positions and built open, partially enclosed, or totally 
enclosed. They can be used also as adjustable speed motors for 
speed variations of 1 to 1§ or 1 to 2. They are likewise employed 
as elevator motors, Fig. 105, when compounded by adding a series 
winding used in starting but cut out for normal running. Adding 
auxiliary poles, or interpoles, to these shunt-wound machines gives 
adjustable speed motors of greater speed variation, of i to 23 horse- 
power at a speed ratio of 1 to 4, of J to 50 horsepower at a speed 
ratio of 1 to 2. 

This company also manufactures small power motors and a 
complete line of fan motors. The small power motors are built in 
three sizes of jV, Vr, or J horsepower at speeds from 1000 to 2500 
r. p. m. and for 110 or 220 volts. They are similar in construction 
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to the bipolar type K machines, fully enclosed, and either series- or 
shunt-wound. Westinghouse fan motors are of drawn steel con- 
struction and series-wound for 110 or 220 volts with speeds from 650 
to 2100 r. p. m. Some of their smallest fan motors are wound for 
30 volts. 

The Westinghouse Company also puts upon the market lines of 
railway motors, mill motors, and hobting motors. Their railway 
motors are built with the usual molstureproof and dustproof cast 
steel frames. They are 4-pole series-wound for 500 to 750 volts, 
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The latest types have the main poles centered at 45 degrees from 
the horizontal plane and employ interpoles, as shown in Fig". 1Q6. 
The field windings are of flat copper strap with the turns separated 
by asbestos ribbon. Westinghouse mill motors are of very similar 
design, in nine sizes from 5 to 150 horsepower, but wound for 220 
volts. They are series- or compound-wound as desiredi in the latter 
case, the shunt winding Is so designed as to keep the no-load speed 
down to about twice full-load speed. This company's hoisting 
motors consist of 10 frames, wound for 110, 220, or 500 volts, ranging 
from 2 to 52 horsepower. They are 4-poJe, series-wound, full 
enclosed. Fig. 107 shows a type K direct-current crane motor 
arranged with back shaft and gear. 



86 TYPES OF DYNAMO-ELECTRIC MACHINERY 

DYNAMOTORS, MOTOR-QENERATORS, BOOSTERS 
Dynamotor. Characteristics. A dynamotor is a transforming 
device combining both motor and generator action in one and the 
same magnetic field, with an armature having two separate windings 
and independent commutators. This class of machines has certain 
advantages resulting from both generator and motor windings being 
on the same core. 
The armature 'reac- 
tions of the two wind- 
ings, being opposite, 
neutralize each other, 
since these windings 
are on the same ar- 
mature core. There 
is, therefore, no shift- 
ing of the brushes 
required and no ten- 
dency to spark with 
_ varying loads, with 

Eifl- 108. Crocker-WhefW Dyiwmolor " . ° 

resultmg ability to 
stand heavier overloads. They are slightly more efficient than 
motor-generators, since energy is saved in magnetizing the fields and 
there is less loss in the bearings, because all torque strain upon the 
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shaft is eliminated. They are also cheaper, of less weight, and more 
compact. On the other hand, the voltage of the generator can not 
be varied to any extent except by introducing ohmic resistance 
into either generator or motor armature circuits. Also the gener- 
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ator voltage can not be maintained absolutely constant as there 
13 no way of correcting for the armature drop. 

Uses. Dynamotora are used principally in place of batteries in 
telegraph main stations, tor charging storage batteries in central 
energy telephone stations, and for electrocautery and electroplating 
work. This type of machine is made only in the smaller sizes, the 
output being rarely as high as one kilowatt. The motor winding is 
arranged for any of the standard voltages, and the generator winding 
delivers from 6 or 8 to 30 or 40, or else from 100 to 600, volts, depend- 
ing upon the special use to which the machine is to be put. Fig. 
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108 shows a Crocker-\Mieeler dynamotor. A type of dynamotor 
lai^ely used by telephone companies for ringing telephone bells has 
the generating winding furnishing current through collector rings 
and therefore has only one commutator, the one on the motor side. 
Motor-Qenerafor. Characteristics. A motor-generator is a 
transforming device consisting of a motor mechanically connected 
to one or more generators. Being any combination of standard 
machines, motor-generators come in any capacity. They find their 
most general application in transforming from alternating current 
to direct current, and the reverse. That is, one of the machines is 
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an alternating-ciUTent one and the other 13 a direct-current one. It 
is only in the smaller sizes and in special applications that both 
machines are of the direct-current type. Fig. 109 shows a 500-kw. 



motor-generator set, consisting of a 3-wire direct-current generator, 
driven by a 3-phase synchronous motor. 

Uge at a Welding Set. A special adaptation of the device is 
illustrated in Fig. 110, which shows a rather unique C & C welding 
set with switchboard attached. The outfit is of 300 amperes capac- 
ity, and 13 arranged for double-circuit operation, that is, it supplies 
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two separate welding circuits, the voltage of wliich may be adjusted 
independently. It thus pennits of having one operator weld with 
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metallic electrodes, which require a voltage of only 10 to 30 volts at 
the arc, while another operator may be using graphite electrodes 
which require from 40 to 60 volts at the arc. Each circuit is provided 
with an automatic relay, which, as soon as the circuit is closed, 
automatically inserts a resistance in series, and thus prevents a 
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short circuit on the machine. Another set for obtaining 500 volts 
from a 120-volt circuit, or the reverse, is the Crocker-Wheeler set 
illustrated in Fig. 111. In the smaller sizes the set is very often 
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arranged with continuous shaft and only two bearings. Fig. 112 
shows a Geaeral Electric Balancer set disassembled. 



Hi. 114. C & C BnUncor Set 



Fi(. 115. Allb-Chiti 



Use aa Balancer. I^Iotor-generators having both machines 
direct-current and of the same voltage find their greatest application 
in connection with the three-wire system for furnishing the neutral 
point for connection to the neutral wire, the two outside wires being 
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fed from a single two-wire generator. The two armatures are 
connected in series between the outside mains, and the common 
point between the two armatures is connected to the neutral. Thus 
arranged, the set is also termed a balancer, a balancer set, or a com- 



pensator. The voltage of each machine is equal to that between 
the neutral and outside wires of the three-wire system. When the 
load is balanced, both machines operate as unloaded motors, but 
when unbalanced, one machine operates as a motor, the combined 
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current of the two machines compensating for increased load on 
the generator side. Balancer sets are generally flat compounded so 
as to keep the voltage on each side equal, irrespective of the load. 
Ad adaptation of this kind of the smaller line of belted generators 
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brought out by the General Electric Company is shown in Fig. 113. 
Since the sets are somewhat enclosed in the middle, a fan is provided 
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and mounted between the armatures. Fig. 114 shows a C & C 
balancer set composed of their type SL machines. For various 
systems of multiple voltage motor control, the two armatures may 



TYPES OF DYNAMO-ELECTRIC MACHINERY 93 

be of different voltages, usually 90 and 160 on a 250- volt main 
circuit. A three-wire Allis-Chalmers balancer set is shown in 
Fig. 115. In connection with four-wire systems the set is composed 
of three machines like the Crocker-Wheeler one shown in Fig. 116, 
with each machine giving a different voltage, so that six different 
voltages can be impressed on the armature of the motor run from 
the four-wire system by selecting the voltages of machines 1, 2, 
3, 1 and 2, 2 and 3, and all three. 

Booster. A booster is a machine inserted in series in a circuit 
to change its voltage. It may be driven by an electric motor (in 
which case it is termed a motor booster), or otherwise. These 
machines are employed for purposes of voltage regulation in connec- 
tion with direct-current electric lighting, power, and railway circuits, 
and with storage battery applications. The voltage of these cir- 
cuits falls off considerably at points distant from the station with 
increase of load, and the booster is connected with the circuit in 
such a way that its voltage is added to that of the circuit, keeping 
the voltage at the distant points constant. In nearly all cases they 
are motor-driven, the motor being a shunt-wound machine and the 
generator a series-, shunt-, or differential-wound type. 

Fig. 117 shows a booster of General Electric manufacture com- 
posed of a shunt-wound generator and a shunt-wound motor used for 
storage battery charging and regulation. This requires adjustment 
to keep the charging of the battery at the proper rate. The whole 
operation becomes automatic by employing on the generator differ- 
ential windings properly proportioned so that, up to a certain load, 
the line voltage is raised by the booster sufficiently to charge the 
battery, while at higher loads the battery assisted by the booster 
will discharge into the line. 

Fig. 118 shows a booster set manufactured by the Ridgway 
Dynamo and Engine Company, consisting of a shunt motor and two 
series generators. Each generator is connected into one of the out- 
side wires of a three-wire system supplying light and power to a 
distant point. 
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DYNAMO -ELECTRIC MACHINERY 

PART I 



1. "What was Oersted's discovery? 

2. What is the relation between the direction of current flow 
in a conductor and that of the resulting magnetism? 

3. What is meant by the expression magnetic permeability, 
and what formula really expresses its meaning? 

4. What is the law of the magnetic circuit? Compare this 
law with that of the electrical circuity and point out its similarity 
and dissimilarity. 

5. Upon what does the reluctance of a magnetic circui t depend ? 

6. What do the magnetization curves of various samples of 
iron and steel show? 

7. What does the expression ampere4um mean? 

8. Being given a ring of iron having a cross-section of 100 
square centimeters and a mean length of 300 centimeters, determine 
the number of ampere-turns necessary to produce a total magnetic 
flux of 1,000,000 lines of force throughout the magnetic circuit. 
(Assume /* to have a value of 1,000.) 

9. What is the effect of a joint in a magnetic circuit? 

10. How does the pressure of an air-gap in a magnetic circuit 
affect the shape of the magnetization curve? 

11. What is the meaning of the term residual magneiisml Is 
it of the same magnitude in the various magnetic materials? 

12. What is the phenomenon of hysteresis, and what is its 
effect? 

13. What are eddy or Foucault currents? How are they pro- 
duced, and what is their effect? 
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14. How may their effect be reduced? 

15. Explain Faraday's discovery as regards electromagnetic 
induction? 

16. What relation exists between the volt and magnetism? 

17. Assuming a conductor moved in a magnetic field at such 
a rate that it cuts 2,000,000 lines of force in .01 of a second, what is 
the voltage thus generated? 

18. If a conductor is moved upwards through a magnetic field 
the lines of which pass from left to right, what is the direction in 
which current would flow if the circuit were closed? 

19. Describe the generation of an E. M. F. as a coil revolves 
in a magnetic Geld, and show by diagram the character of this gen- 
erated pressure. 

20. What is a dynamo? 

21. State the main parts of a dynamo or motor, and mention 
briefly the function of each part. 

22. Show diagrammatically how the wire is wound on a ring 
armature. 

23. What is meant by the expression drum armaturef Show 
how the inductors are placed upon it, and state how it differs from 
the ring-wound armature. 

24. Which of the above types is more extensively employed 
to-day, and why? 

25. What is meant by a pole armature, and what are the objec- 
tions to its use? 

26. What do you mean by a magneto-machine? 

27. Why is its use limited to such service as requires only very 
small amounts of power? 

28. What do you mean by the term separaiely-excited generator f 
Give diagram of its connections and windings. 

29. What do you mean by self-excited generators? 

30. What are the various types of self-excited generators? 
Show by diagram how they are wound. 

31. Describe the various methods of regulating the voltage of 
a dynamo? Which are manual and which automatic? 

32. What does the curve of potential around the commutator 
of a dynamo-electric machine show? 
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1. Upon what factors does the generated voltage of a dynamo 
depend? 

2. Combine these various factors into an equation, and apply 
it in determining the voltage generated by a generator the armature 
of which is parallel-wound with 1476 inductors, and which revolves 
in a 4-poIe field at 1,200 r. p. m. Assume the flux entering or leav- 
ing the armature per pole to be 1,700,000 lines of force. 

3. If the armature of a 10-pole generator is series-wound with 
1,400 inductors, revolves at the rate of 400 r. p. m., and generates 
150 volts, what is the flux entering or leaving the armature per pole? 

4. What do you mean by the expression efficiency of a genera 
atari 

5. What is the difference between the terminal volts and 
generated volts of a generator? 

6. An armature has an internal resistance of .05 ohm; it 
carries a current of 500 amperes; and the terminal voltage is 170» 
What is the generated pressure? 

7. What are the objections to the general use of bipobv 
machines? 

8. What are the advantages of "over-type'' bipolar machines 
with respect to the "under-type?" 

9. What are the general advantages of multipolar ring types 
of frames with respect to bipolar forms? 

10. What is the meaning of the expression magnetic leakage, 
and how must we correct for it? 
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11. How does the magnetic flux divide in passing through 
the various parts of a multipolar machine? 

12. Being given the magnetic circuit shown in the accompany- 
ing diagram^ determine the num- 
ber of ampere-turns required per 
pole to cause a flux of 1,800,000 
lines of force to enter or to leave 
the armature per pole. Coeffi- 
cient of magnetic leakage =1.15. . , '^^f~^/ 7 ( 
The armature is to have 49 slots, ' t^^ 
and teeth of equal top dimen- 
sions, while the slots are parallel-sided and 1| inches deep. The 
field-frame and pole-cores are of cast steel, and the armature cores of 
laminated iron, the effective length of which is 90 per cent. Length 
of yoke parallel to shaft is 8 inches, while length of armature core 
is 5 J inches. 

13. If the machine of Question 12 is to generate 220 volts, is 
shunt-wound, and has a field-current of 1.5 amperes, determine the 
number of turns, size, and amount of wire employed per pole. Assume 
20 volts allowed for field rheostat, and coil to be 3J inches long. 

14. What do you understand the terms open and closedrCoU 
armature windings to mean? Which is it that is employed on con- 
stant-potential machines? 

15. What is the relation existing between the number of arma- 
ture coils and the number of commutator bars in the case of Gramme 
ring and drum-wound armatures? 

16. What do you mean by mnding pitch? 

17. Show diagrammatically what you mean by a wave-wound 
drum armature. 

18. Show diagrammatically what you mean by a lap-wound 
drum armature. 

19. Assume a four-pole machine, upon the armature of which 
you wish to wind a single-layer wave winding of 24 inductors; how 
would you proceed to do this? Give winding table. 

20. Assume a four-pole machine as above, and wind a lap 
winding of 24 inductors upon this. Give winding table. 

21. What are the relative advantages of wave-wound and lap- 
wound armatures? 
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22. What is the usual relation between number of poles and 
sets of brushes in the case of a multiple-circuit armature? 

23. What do you mean by cross-connection of an armature 
winding, and how is it accomplished? 

24. What is the effect in an 8-pole machine of changing a 
multiple-drcuit armature to a two-circuit one containing the same 
number and same size of inductors? 

25. What is a mil, a circular mil, a square mil, and a mil-foot 
of wire? What is the general formula for determining the resistance 
of a given length of a known size of wire? 

26. Suppose an 8-circuit armature winding employs 1,200 feet 
of 20,000 circular-mil wire, what is the resistance of the complete 
winding at 20^ C? 

27. What are the various losses occurring in an armature 
carrying current and rotating in a magnetic field? 

28. What factors govern the amount of heat which a revolving 
armature will dissipate? 

29. Under what conditions are eddy currents apt to be pro- 
duced in the pole-faces of dynamo^lectric machines? How can 
these be reduced to negligible amounts? 

30. Assume the machine of Question 12 to have a series-wound 
armature of 1,176 inductors, and its current at rated load to be equal 
to 10 amperes. The brushes are shifted forward 4 per cent. Show 
how you would correct the field-winding to compensate for back and 
cross ampere-turns. 

31 . What is the external characteristic curve of a series dynamo, 
and what does it show? 

32. Why does the external characteristic curve of a series 
dynamo drop over at heavy loads? 

33. How would you determine the external characteristic curve 
of a shimt dynamo? Show by drawing what it is, and explain why 
it has the form which it has. 

34. What does the magnetization curve of a dynamo show? 
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1. Why is it poor practice to use cast iron for the polercores 
of dynamo-electric machinery? 

2. If wrought-iron pole-pieces are employed with cast-iron 
yokes, why should they be imbedded in the yoke? 

3. What factor determines the cross-sectional area of the 
magnet-cores? 

4. What factors determine the length of the magnet-cores? 

5. What is the difference between formrwound and bobbin^ 
wound magnet-coils? 

6. What mechanical precautions must be taken in making 
up a field-coil winding and in bringing out the ends? 

7. What are the advantages of form-wound coils over hand- 
wound coils for armatures? 

8. Show by sketches the various methods of securing the 
armature laminations to the shaft, and point out the relative advan- 
tages and disadvantages of the different forms. 

9. What is the object of ventilation ducts in armature cores, 
and how are they secured? 

10. Why is the shaft of a dynamo-electric machine made larger 
than that for ordinary machinery, even though the weight supported 
is the same in both instances. 

11. What is the object of using binding wires on an armature? 
Can their use be dispensed with, and how? 

12. What material is usually employed for commutator bars, 
and why? 
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13. What is the most satisfactory insulation material to use 
between commutator bars, and what special features must it then 
possess? 

14. W!_at are the different types of brush-holders? Describe 
each and compare them. 

15. What properties must a successful brush-holder possess? 

16. What features must be considered in determining the 
number of field-poles to be employed in a contemplated design? 

17. What factors must be taken account of in determining the 
armature dimensions of a proposed design? 

18. What actions and reactions must be allowed for in deter- 
mining the length of the air-gap in the magnetic circuit of a dynamo? 

19. How could you determine from the data of a given machine, 
whether it would be likely or not likely to spark at the brushes? 

20. How could you determine the efficiency of a dynamo 
directly from the designing-room data? 

21 . About what is the proper current-density to allow for carbon 
brushes? 

22. What happens in the case of a dynamo if the brushes are not 
given sufficient lead? 

23. What would happen if the brushes were given too great a 
lead? 
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1. Define dynamo-electric machiner>\ 

2. What are the most important subdivisions of dynamo- 
electric machinery? 

3. In what combinations are direct-current generators manu- 
factured? 

4. In what different ways are steam- or gas-driven engine 
generators arranged? 

5. What shaft arrangements have water-wheel driven gen- 
erators in sizes from about 100- to 10,000-kw. capacity? 

6. Describe a pulley on a belt-driven 150-kw. generator. 

7. Is a steam turbine ever belted to a generator? 

8. In what cases is gearing used for driving generators? 

9. What is the best present practice for driving generators? 

10. What are the advantages and the disadvantages of direct^ 
driven generators? 

11. What should be the distance between the centers of the 
engine and generator shaft in belt-driven generators? 

12. Is there any difference in driving generators or motors? 

13. What subdivisions may be made for direct-current ma- 
chinery? 

14. How are generators of sizes above 200 kw. commonly 
driven? 

15. What is the speed of direct-current generators of larger 
sizes? 

16. What is, in general, the relation between the kilowatt 
capacity and the speed? 

17. What is the lowest speed limit of belted generators? 
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18. Discuss the object of a number of poles. 

19. What is a constant current generator and for what pur- 
poses is it used? 

20. How may constant voltage generators be subdivided? 

21. For what purpose are generators employed giving from 
5 to 10 volts? 

22. What is the highest voltage for constant voltage generators 
and for what purposes are such generators used? 

23. Give a short description of the railway types of generators 
of the General Electric Company. 

24. Describe the interpole type of generator of the Westing- 
house Electric and Manufacturing Company. 

25. How are direct-current motors classified in regard to their 
speed? 

26. Describe the railway motor of the General Electric Com- 
pany. 

27. Describe the multispeed motor of the Stow Manufactur- 
ing Company. 

28. Describe the railway motor of the Westinghouse Company. 

29. What is a motor-generator? 

30. Describe a welding set employing a motor-generator. 

31. Describe the operation of a balancer set. 

32. What is a booster? 
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dynamo-electric machines 15 
Direct-current types of dynamo-eleo- 

trie machinery 261 
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Driving 247 
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direct-connected 247 
steam- or gas-engine 

driven 247 

steam-turbine driven 252 

water-wheel driven 250 

geared 254 

selection of generator drive 256 

motors 258 

Drum armatures 41 

Drum windings 108, 184 
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Dynamo-electric machinery 
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driving methods 
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dynamotors 
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generators 
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motor-generator 
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motors 
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Dynamo-electric machines 


15 


induced currents 


33 


magnetic principles 
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voltage regulation 
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Dynamotor 
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Dyne, definition of 
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Eddy-currents 
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Erg, definition of 11 

Evolution windings 185 

Exciting coils, connections of 94 

Excitation losses 94 

F 

Fairbanks, Morse and Company 278, 318 

belted types 280 

engine types 278 

Field magnets 44-77 

Flux density 17 

Fort Wayne Electric Works 281, 318 

belt^riven types 283 

engine types 281 

G 

Geared generators 254 

General Electric Company 285, 321 

belted types 288 
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three-wire types 289 
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Generator regulation 47 
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compound 47 
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self-exciting 47 

separately excited 44 
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Hand windings 185 

Heat waste in iron cores 31 

Heating of armatures 129 

Holtzer-Cabot Electric Company 293, 325 
Hysteresis, effect of 157 



Induced currents 


33 


elementary generator 


34 


generation of e. m. f. by cutting 




flux 


33 


Inductance, definition of' 


12 


Insulation « 


193 


Intensity of magnetic force 


24 


L 
Lubricators 


204 


M 




Magnet-coils, heating of 


94 


Magnet-yoke, construction of 


167 


Magnetic circuit 


77 


calculation, example of 


86 


air gaps 


88 


armature core 


89 


armature teeth 


88 


magnet-cores 


. 87 


pole-shoes 


87 


yoke 


86 


coil winding calculations 


90 


excitation losses 


94 


exciting ampere-turns 


82 


air gap 


83 


armature core 


83 


magnet-cores 


83 


teeth 


84 


yoke 
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exciting coils, connections of 
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shunt winding calculations 90 
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Magnetic leakage 79 

Magnetic permeability 25 

Magnetic principles 15 
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lines of force 17 
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magnetization curves 27 
magneto-electric induction 20 
magnetomotive force 22 
reluctance 23 
residual magnetism 29 
solenoid 19 
toroid 20 
Magnetization, effect of cycles of 30 
Magnetization curves 27, 154 
Magneto-electric induction 20 
Magneto-machine 44 
Magnetomotive force 22 
Mechanical parts, calculations of 138 
armature bearings 143 
armature binding wires 142 
armature shafts 138 
armature spider 140 
efficiency 144 
bearing friction and wind- 
age losses 144 



359 



6 



INDEX 



144 
144 
144 
144 

144 

143 

145 
333 
336 
334 
304 

3a5 



Mechanical parts, calculations of 
efficiency 

commutatx>r losses 
copper losses 
excitation losses 
iron losses 

secondary copper and iron 
losses 
losses due to friction in bearings 

and to windage 
magnetization curve and volt- 
age drop 
Motor-generators 
use as balancer 
use as a welding set 
Motors (direct-current) 

Allis-Chalmers Manufacturing 

Company 
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Crocker-Wheeler Company 311 

Electro-Dynamic Company 314 

Fairbanks, Morse and Company 318 
Fort Wayne Electric Works 318 

general characteristics 304 

General Electric Company 321 
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Reliance Electric and Engineer- 
ing Company 
speed classification 
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Sturtevant Company 
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Self-exciting generator 47 

Separate and series compounding ' 48 
Separately-excited generator 44 

Series generator 45 

Shunt generator 46 

Shunt winding calculations 90 

Shunt and series compounding 48 

Sine curve 51 

Solenoid 19 

Space-factor 92 

Sparking at the commutator 56 
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ination ^f 65 
Stray-Power losses 72 
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Symbols 13 
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12 capacity and type, relation of, 
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. carbon brushes, standard sizes of 137 
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of 195 
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